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1.  The  purpose  of  this  letter  is  to  establish  the  Directorate  for  Engineering 
position  on  the  subject  report.  The  ferry  tank  kit  used  in  this  project  was 
prepared  in  order  for  an  operational  unit  to  conduct  a  Concept  Evaluation  (CE). 
The  testing  accomplished  on  the  ferry  kit  was  minimal,  sufficient  to  insure  a 
margin  of  safety  commensurate  with  the  CE.  Virtually  no  qualification  work  was 
done  beyond  establishing  airworthiness  for  one  mission.  The  tanks,  pumps,  and 
brackets  were  items  provided  on  loan  from  the  Marine  Corps.  All  plumbing, 
wiring,  gauging  and  controls  were  fabricated  with  a  minimum  of  engineering  ana¬ 
lysis  and  sketches,  and  were  not  subjected  to  any  testing  beyond  functional 
tests.  Any  attempt  to  achieve  operational  status  with  this  ferry  tank  kit  must 
be  preceded  by  a  design  effort  followed  by  a  thorough  ground  and  flight  test 
program. 

2.  This  Directorate  agrees  with  the  report  conclusions  and'  recommendations  with 
the  exceptions  identified  herein.  Comments  are  directed  to  the  paragraph  of  the 
report  as  indicated  below: 

a.  Paragraph  30.  The  lack  of  adequate  crashworthiness  protection  of  the 
external  fuel  tank  subsystem  is  a  concern.  However,  the  external  fuel  system 
will  be  utilized  for  ferry  flights  and  not  routine  flights  and  the  jettison 
capability  has  been  demonstrated  satisfactorily  provided  they  are  jettisoned 
prior  to  impact.  The  air  compressor  motor  deficiencies  should  be  corrected. 

b.  Paragraph  31a.  The  high  vibrations  level  at  airspeeds  greater  than  100 
KIAS  at  pressure  altitudes  above  5000  feet  in  the  AH-lS(MC)  configuration  is  a 
shortcoming.  The  AH-1S  series  helicopters  commonly  exhibit  high  vibration 
levels  with  external  stores/weapons  when  flown  at  high  airspeeds. 

Unfortunately,  the  AH-IS(MC)  tested  was  not  instrumented  for  cockpit  vibration 
levels  and  a  quantitative  assessment  of  this  shortcoming  is  not  possible. 

c.  Paragraph  31b.  The  inability  of  the  pilot  to  determine  fuel  remaining 
in  the  external  tanks  is  a  shortcoming.  Although  the  installation  of  a  fuel 
gage  or  flowmeter  to  record  fuel  used  is  a  requirements  item,  it  is  recommended 
that  a  gaging  system  be  installed  to  help  prevent  inadequate  lateral  cyclic 
control  due  to  center  of  gravity  shifts. 
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d .  Paragraph  31c.  The  inability  of  the  pilot  to  regulate  the  external  flow 
rate  to  the  main  fuel  cell  is  a  shortcoming.  Pending  any  design  change  the 
pilot  will  be  required  to  monitor  main  tank  fuel,  allow  the  fuel  to  deplete 
50-75  pounds,  turn  on  the  external  fuel  replenishment  and  shut  off  the  external 
fuel  when  the  main  tank  reads  nearly  maximum.  This  procedure  would  be  repeated 
as  necessary  until  the  external  tanks  are  depleted  (this  method  is  used  with  the 
CH-47C  ferry  system). 

e.  Paragraph  3 Id.  The  shortcoming  due  to  inadequate  illumination  of  the 
fuel  flow  and  low  fuel  lights  should  be  eliminated  if  the  control  panel  is  relo¬ 
cated  to  the  upper  righthand  corner  of  the  pilot  instrument  panel. 

f.  Paragraph  32 f.  The  limited  use  of  the  Cobra  in  the  external  fuel  con¬ 
figuration  does  not  warrant  additional  testing  at  170  KIAS  Vne.  Limiting  Vne. 
to  145  KIAS  is  adequate  in  this  configuration. 

FOR  THE  COMMANDER: 


'RONALD  E.  GORMONT 


■? 


Acting  Director  of  Engineering 
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DISTRIBUTION 


INTRODUCTION 


BACKGROUND 


1.  A  ferry  kit  was  developed  by  the  US  Army  to  extend  the  range 
capability  of  the  UH-1  helicopter  in  the  early  1960's.  The  kit 
was  placed  in  the  supply  system  until  the  US  Navy  modified  the 
kit  for  use  on  the  AH-1J  and  AH-1T  helicopters.  The  US  Army  has 
renewed  Interest  in  being  able  to  deploy  the  AH- IS  Modernized 
Cobra  (MC)  helicopter  for  missions  requiring  a  ferry  range  greater 
than  the  current  Internal  fuel  capability.  In  March  1984,  the 
US  Army  Aviation  Engineering  Flight  Activity  (USAAEFA)  was  tasked 
by  the  US  Army  Aviation  System  Command  (AVSCOM)  to  plan  and 
conduct  a  Preliminary  Airworthiness  Evaluation  (PAE)  of  the 
AH- IS  (MC)  with  the  100  gallon  Kellett  external  fuel  tanks  in¬ 
stalled  (ref  l.app  A). 


TEST  OBJECTIVES 

2.  The  objectives  of  the  PAE  were  to  obtain  sufficient  data  to 
enable  AVSCOM  to  establish  an  Airworthiness  Release  for  the  AH- IS 
(MC)  aircraft  with  the  Kellet  tanks  installed  based  upon  the 
following: 

a.  Sufficient  performance  data  to  determine  the  change  in 
power  required  due  to  the  external  fuel  tank  installation. 

b.  Changes  in  handling  qualities  due  to  the  external  fuel 
tank  installation. 

c.  Limited  structural  dynamics  data  to  determine  critical 
fuel  loading  and  structural  loads  on  the  wing  attaching  lugs. 

d.  Demonstration  of  external  tank  separation  (jettison) 
capability. 


DESCRIPTION 


3.  The  test  helicopter,  an  AH-1S  MC,  (US  Army  S/N  69-16423), 
is  a  two-place,  tandem  seat,  single  engine  attack  helicopter 
with  two-bladed  main  and  antitorque  rotors  and  skid  landing  gear, 
manufactured  by  Bell  Helicopter  Textron  (BUT).  The  helicopter 
is  powered  by  an  AVCO  Lycoming  T53-L-703  turboshaft  engine.  The 
normal  maximum  gross  weight  of  the  AH-1S  (MC)  is  10,000  pounds 
which  was  increased  to  10,500  for  this  evaluation.  The  helicopter 
is  equipped  with  a  crashworthy  fuel  system  which  has  a  total 
fuel  capacity  of  262  gallons  of  which  260  are  useable.  With  the 
installation  of  two  Kellett  external  fuel  tanks  and  required 


pluablng  the  fuel  capacity  la  Increased  to  462  gallons  (photos  1 
and  2,  app  B).  The  Installation  of  the  external  fuel  system 
lncreaaed  the  eapty  weight  of  the  AH-IS(MC)  by  approxiaately 
200  pounds.  A  aore  detailed  description  of  the  external  fuel 
tank  subeystea  and  Installation  la  contained  In  appendix  B  and 
the  OS  Navy  Technical  Manual  reference  2 ,  appendix  A.  The  exter¬ 
nal  configuration  of  the  teat  aircraft  was  aodlfied  by  the 
Installation  of  various  test  equipment  which  Is  discussed  In 
appendix  C.  Additional  descriptions  of  the  AH-1S  (MC)  Is  con¬ 
tained  In  the  operator's  aanual  (ref  3,  app  A). 


TEST  SCOPE 

4.  The  aajor  portion  of  flight  testing  was  conducted  at  Edwards 
Air  Force  Base,  California  (2302  feet),  with  sowe  performance 
testing  conducted  at  Bakersfield,  California  (488  feet).  A  total 
of  24  flights  were  conducted  between  17  March  and  27  April,  1984 
f  r  a  total  of  36.7  flight  hours  of  which  18.9  were  productive. 
USAAEFA  Installed,  calibrated  and  Maintained  all  test  instrumenta- 
tion.  Additionally,  USAAEFA  installed  the  Kellett  ferry  tanks 
and  performed  all  required  maintains nee  on  the  ferry  system  and 
the  test  helicopter.  Flight  restrictions  and  operating  limitations 
observed  during  the  PAE  are  contained  In  the  operator’s  manual 
(ref  3  ,  app  A)  and  the  airworthiness  release  (ref  4).  Testing 
was  conducted  In  accordance  with  the  test  plan  (ref  5)  at  the 
conditions  shown  In  tables  1  through  3. 


TEST  METHODOLOGY 

5.  Established  flight  test  techniques  and  data  analysis  proce¬ 
dures  were  used  (refs  6  and  7),  and  are  described  In  appendix  D. 
A  Handling  Qualities  Rating  Scale  (HQR8)  (fig.  1,  app  D)  and  a 
Vibration  Rating  Scale  (VRS)  (fig.  2)  were  used  to  augment  pilot 
comments  relative  to  aircraft  handling  qualities  and  vibrations. 
Flight  parameters  were  recorded  utilising  cockpit  Instruments, 
Inflight  magnetic  tape  recorder,  and  onboard  voice  recorder. 
Parameters  which  were  considered  critical  were  monitored  in  real 
time  using  telemetry.  A  detailed  listing  of  the  test  instrumen¬ 
tation  is  contained  In  appendix  C. 


Table  1.  Performance  Conditions1 


Configuration 


Level  Flight 


Autorotation^  Kellet  Fuel  Tanks  10,000 


Gross  Weight 
Range 
(lb) 

Density 

Altitude 

Range 

(ft) 

Thrust 

Coefficient 

Range 

(xlO*) 

8530  to  10,080 

1410  to  10,900 

45.55  to  64.45 

8660  to  9470 

890  to  10,990 

45.25  to  66.27 

10 ,000 

5000 

^est  conducted  in  zero  sideslip  flight,  at  a  mid  longitudinal  and  mid  lateral 
center  of  gravity  with  a  referred  rotor  speed  of  324  rpm. 

2Clean  configuration  -  no  external  stores. 

^100  gallon  Kellet  fuel  tanks  installed  on  outboard  store  position. 

* Autorotations  conducted  in  ball-centered  flight. 


Table  2.  Handling  Qualities  Test  Conditions* 


Test 

Gross 

Weight 

(lb) 

Density 

Altitude 

(ft) 

Trim 

Calibrated 

Airspeed 

(kt) 

Control  Positions 

8530  to 

890  to 

30  to 

in  Trimmed  Forward 

10,080 

10,990 

135 

Flight2 

Static  Longitudinal 

9830  and 

4400  and 

67  and 

Stability 

10,080 

4780 

114 

Static  Lateral- 

9860  and 

7620  and 

65  and 

Directional  Stability 

10,100 

7800 

110 

Maneuvering 

Stability 

10,150 

5200 

125 

Dynamic 

8690  to 

7040  to 

120  to 

Stability 

10,210 

7170 

127 

Simulated  Engine 

8540  and 

7160  and 

108  and 

Failure 

8480 

7320 

120 

SCAS  Failure 

8600  to 

6530  to 

65  to 

10,050 

6820 

117 

NOTES : 

*Tests  conducted  In  ball-centered  flight,  where  applicable,  at  a  mid 
longitudinal  and  mid  lateral  center  of  gravity,  external  fuel  tanks 
Installed,  with  a  rotor  speed  of  100%  (324  rpm). 

^Control  positions  were  obtained  during  level  flight  performance, 
autorotation,  and  climbing  flight. 


Table  3.  Jettison  Conditions1 


Flight  Condtion 

Trim  Calibrated 
Airspeed 
(kt) 

Aircraft  Trim 
Position 
(Ball-Position) 

Level  Flight 

121 

1/2  Ball  Right 

Autorotation 

61 

1/2  Ball  Right 

Autorotation 

106 

Centered 

Autorotation 

85 

Centered 

Autorotation 

85 

1/2  Ball  Right 

NOTE: 

^ests  conducted  at  a  gross  weight  of  9400  pounds,  mid  longi¬ 
tudinal  center  of  gravity  (FS  196),  mid  lateral  center  of 
gravity,  1002  rotor  speed  (324  rpm),  empty  fuel  tanks  mounted 
on  outboard  store  station,  right  outboard  fuel  tank  was 
jettisoned. 


RESULTS  AND  DISCUSSION 


GENERAL 

6.  Limited  performance  and  handling  qualities  data  were  obtained 
for  the  AH-IS(MC)  helicopter  with  the  external  fuel  tanks  In¬ 
stalled.  A  baseline  level  flight  performance  evaluation  was 
conducted  In  the  clean  configuration.  The  aircraft  was  flown  in 
zero  sideslip  for  all  level  flight  performance  testing  and  ball- 
centered  flight  for  all  handling  qualities  and  autorotation 
descent  performance.  For  all  level  flight  performance  the  rotor 
speed  was  varied  to  maintain  a  constant  referred  rotor  speed  of 
324  rpm.  The  change  in  equivalent  flat  plate  area  caused  by  the 
external  fuel  tank  Installation  was  2.0  ft?.  One  deficiency 
noted  during  the  evaluation  was  the  lack  of  crashworthiness  of 
the  external  fuel  tanks.  The  four  shortcomings  associated  with 
the  installation  of  the  external  fuel  tanks  were:  (1)  high  vibra¬ 
tions  at  airspeeds  greater  than  100  K1AS;  (2)  the  inability  of 
the  pilot  to  determine  fuel  remaining  in  the  external  tanks;  (3) 
the  inability  of  the  pilot  to  regulate  external  fuel  flow,  rate 
to  the  main  fuel  cell;  and  (4)  the  inadequate  illumination  of 
the  fuel  flow  and  low  fuel  lights. 


PERFORMANCE 

Level  Flight  Performance 

7.  Level  flight  performance  tests  were  conducted  to  determine 
the  change  in  equivalent  flat  plat  area  of  the  external  fuel  tank 
installation.  These  tests  were  conducted  at  the  conditions 
listed  in  table  1.  Data  were  obtained  for  the  clean  (no  external 
stores)  AH-1S  (MC)  to  provide  a  baseline.  Data  were  also  obtained 
with  two  100  gallon  Kellett  fuel  tanks  installed  on  the  outboard 
store  positions  (photo  1,  app  B).  The  nondlmenaional  data  for 
the  clean  configuration  are  presented  in  figures  1  and  2, 
appendix  E  and  the  dimensional  data  for  both  configurations  are 
presented  in  figures  3  through  10.  The  change  in  equivalent 
flat  plate  area  caused  by  the  external  fuel  tanks  and  associated 
external  lines  was  determined  to  be  2.0  square  feet. 

Autorotatlonal  Descent  Performance 


8.  Tests  were  conducted  to  determine  the  autorotatlonal  descent 
performance  characteristics  of  the  AH- IS  (MC)  helicopter  with  the 
external  fuel  system  Installed.  The  airspeeds  for  minimum  rate  of 
descent  (Vq^q  &/d)  and  maximum  glide  distance  were  obtained  by 
conducting  a  series  of  steady  state  autorotatlonal  descents  at  a 
rotor  speed  of  320  rpm  and  Incrementally  varlng  airspeeds  from  52 


to  131  knots  calibrated  airspeed  (KCAS).  After  VD^n  r/q  was  deter¬ 
mined,  another  series  of  descents  was  conducted  at  that  airspeed 
and  rotor  speed  was  varied  from  293  to  335  rpm  to  determine  the 
effect  of  rotor  speed  on  rate  of  descent.  The  results  of  these 
tests  are  presented  in  figures  11  and  12,  appendix  E. 

9.  The  minimum  R/D  was  1920  ft/min  at  65  KCAS.  Airspeed  could 
be  varied  +10  knots  with  only  a  slight  change  in  the  R/D 
(+30  ft/min).  The  airspeed  for  maximum  glide  distance  at  an 
altitude  of  5000  feet  was  99  KCAS  with  a  R/D  of  2330  ft/min. 
Varying  airspeeds  +3  knots  from  the  maximum  glide  airspeed  re¬ 
sulted  in  the  distance  traveled  changing  approximately  +3%.  The 
vmin  R/D  65  KCAS  corresponds  to  61  knots  indicated  airspeed 
(KIAS)  and  maximum  glide  speed  of  99  KCAS  corresponds  to  94  KIAS. 
The  airspeeds  published  in  the  operator's  manual  (ref  3,  app  A) 
for  autorotational  flight  with  wing  stores  should  be  used  for 
the  external  fuel  tank  configuration  (60  KIAS  Vm£n  r/q  and  90  KIAS 
for  maximum  glide  distance). 

10.  As  shown  in  figure  12,  appendix  E  the  R/D  varied  only 
180  ft/min  through  the  range  of  rotor  speeds  tested  (293  to 
335  rpm)  Precise  control  of  rotor  speed  during  autorotation  is 
not  feasible,  since  any  control  input  will  result  In  relatively 
large  changes  in  rotor  speed.  Since  small  variations  of  rotor 
speed  from  the  optimum  does  not  result  in  significant  increases 
in  R/D,  100%  (324  rpm)  should  be  maintained  during  autorotation, 
as  described  in  the  operator's  manual. 


HANDLING  QUALITIES 


General 


11.  Stability  and  control,  jettision,  system  failure,  and  limited 
systems  tests  were  conducted  qualitatively  and  quantitatively  to 
evaluate  the  handling  qualities  of  the  AH-1S  (MC)  with  the  exter¬ 
nal  fuel  tanks  installed.  The  handling  qualities  and  the  reactions 
to  system  failures  of  the  AH-1S  (MC)  were  essentially  unchanged 
by  the  installation  of  the  external  fuel  tank  subsystem.  During 
the  jettision  evaluation  it  was  determined  that  the  maximum 
autorotational  airspeed  for  jettisons  should  be  to  85  KCAS. 

Control  Positions  in  Trimmed  Forward  Flight 

12.  Control  positions  in  zero  sideslip  forward  flight  were 
obtained  in  conjunction  with  level  flight  performance  testing  at 
the  conditions  listed  in  ttble  2.  The  test  results  are  presented 
in  figures  13  through  16,  appendix  E.  The  control  positions  in 
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trimmed  forward  flight  were  essentially  unchanged  with  the  exter¬ 
nal  fuel  subsystem  installed  and  are  satisfactory. 

13.  The  variation  in  flight  control  positions  were  also  evaluated 
in  climbing  flight  at  the  conditions  listed  in  table  2.  The  data 
are  presented  in  figure  17,  appendix  E.  During  military  rated 
power  (MRP)  climbs,  the  variation  of  loi$itudlnal  control  position 
with  airspeed  was  slightly  nonlinear,  with  increased  forward 
longitudinal  control  required  for  increased  airspeed.  The  pitch 
attitude  did  not  change  from  that  observed  in  trimmed  level 
flight.  The  control  positions  in  trimmed  MRP  climbs  were  essen¬ 
tially  unchanged  from  previous  evaluations  (ref  8,  app  A)  and 
are  satisfactory. 

14.  Control  positions  in  autrotatlonal  flight  were  evaluated  at 
the  conditions  listed  in  table  2  and  the  data  are  presented  in 
figure  18,  appendix  E.  The  longitudinal  control  position  trend  in 
autorotation  was  essentially  linear  and  as  airspeed  was  increased 
more  forward  longitudinal  cyclic  control  was  required.  The 
significant  longitudinal  and  lateral  cyclic  trim  change  in 
autorotative  flight  were  similar  to  those  previously  reported  for 
the  standard  AH-lS  aircraft  and  are  satisfactory. 

Static  Longitudinal  Stability 

15.  The  static  longitudinal  stability  chatacterlstics  of  the  test 
aircraft  with  thi  external  fuel  tanks  installed  were  evaluated 
at  the  conditions  shown  in  table  2.  Tests  were  conducted  by 
trimming  the  aircraft  in  level  flight  at  67  and  115  KCAS  and 
then  stabilizing  at  incrementally  higher  and  lower  airspeeds  with 
collective  position  held  fixed  at  the  trim  setting.  Data  were 
recorded  at  each  stabilized  airspeed,  and  are  presented  in 
figures  19  and  20,  appendix  E.  At  both  airspeeds,  the  static 
longitudinal  stability,  as  indicated  by  the  variation  of  longi¬ 
tudinal  cyclic  control  position  with  airspeed,  was  stable 
(increasing  forward  longitudinal  control  with  Increasing  air¬ 
speed).  The  gradient  of  longitudinal  cyclic  position  versus 
airspeed  was  very  shallow  at  67  KCAS  (approximately  0.017  inch/ 
knot)  with  the  gradient  further  reduced  with  increasing  airspeed 
(approximately  0.015  inch/knot  at  115  KCAS).  The  static  longitu¬ 
dinal  stability  characteristics  were  compared  with  a  previous 
evaluation  (ref  9,  app  A)  and  were  essentially  unchanged.  The 
static  longitudinal  stability  characteristics  of  the  AH-IS(MC) 
with  the  external  fuel  tank  subsystem  installed  are  satisfactory. 
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Static  Lateral-Directional  Stabilit; 


16.  The  atatic  lateral-directional  stability  characteristics  of 
the  test  aircraft  were  evaluated  at  the  conditions  shown  in 
table  2.  Tests  were  conducted  by  first  t riming  the  aircraft  at 
ball-centered  level  flight  at  65  and  110  KCAS  and  then  stabi¬ 
lizing  at  incrementally  increasing  left  and  right  sideslip  angles. 
Data  were  recorded  at  zero  turn  rate  with  airspeed,  collective 
control,  and  sideslip  angle  held  constant.  Test  data  are  presented 
in  figures  21  and  22,  appendix  E.  Static  directional  stability 
was  positive  (increasing  left  directional  control  with  increasing 
right  sideslip)  throughout  die  sideslip  envelope  for  both  trim 
airspeeds  and  is  satisfactory.  Dihedral  effect  was  also  positive 
(increasing  right  lateral  cyclic  control  with  increasing  right 
sideslip)  for  both  trim  airspeeds  and  is  satisfactory.  The  side- 
force  cues  (as  indicated  by  bank  angle  variation  with  sideslip) 
at  65  KCAS  were  weak.  At  this  airspeed  the  lack  of  sldeforce 
cues  Increased  the  pilot  workload  to  maintain  aircraft  trim.  At 
110  KCAS  the  sldeforce  cues  were  stronger  and  the  pilot  workload 
to  maintain  trimmed  flight  was  reduced.  A  comparison  of  the 
static  lateral-directional  characteristics  with  those  previously 
reported  (ref  9,  app  A)  indicated  the  characteristics  were  essen¬ 
tially  uneffected  by  the  Installation  of  the  external  fuel  tank 
subsystem. 

Maneuvering  Stability 

17.  The  maneuvering  stability  characteristics  of  the  AH- IS  (MC) 
with  the  external  fuel  tanks  Installed  were  qualitatively  evalu¬ 
ated  in  steady-state  turns  at  the  conditions  shown  in  table  2. 
The  steady-state  turns  were  conducted  by  trimming  at  125  KCAS 
and  then  stabilizing  in  coordinated  flight  at  Incrementally 
increasing  roll  attitudes  while  maintaining  collective  control 
and  airspeed  constant.  The  variation  of  longitudinal  control 
position  with  normal  load  factor  (g)  was  positive  (aft  cyclic 
control  with  increasing  g)  up  to  1.4  gs  and  nmutral  (no  change 
in  longitudinal  control  postion  with  increasing  g)  between  1.4 
and  1.8  gs.  Below  1.4  gs  the  maneuvering  stability  characteristics 
were  essentially  unchanged  from  those  exhibited  in  a  previous 
evaluation  (ref  9,  app  A).  At  g  levels  greater  than  1.4  small 
longitudinal  cyclic  control  Inputs  resulted  in  large  airspeed 
changes  so  that  the  pilot  tended  to  "chase”  the  desired  airspeed. 
This  required  considerable  pilot  compensation  to  maintain  air¬ 
speed  within  ±5  knots  (HQRS  5).  The  undesirable  maneuvering 
stability  characteristics  above  1.4  gs  significantly  increased 
pilot  workload  and  remain  an  uncorrected  shortcoming  for  the 
attack  helicopter  mission  (ref  9).  For  the  ferry  mission  it  is 
not  significant  and  is  satisfactory. 
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Dynam 1c  Stability 

18.  The  short-tern  dynsnie  stability  characteristics  were  evalu¬ 
ated  with  empty  and  full  external  fuel  tanks  at  the  conditions 
listed  in  table  2.  The  evaluation  was  conducted  by  utilizing 
control  pulses  ia  both  directions  in  all  axes.  The  pulse  was 
aade  by  rapidly  displacing  the  appropriate  control  up  to  1  inch 
for  0.5  second,  then  rapidly  returning  to  the  trin  position. 
The  flight  controls  were  then  held  fixed  until  corrective  recovery 
became  necessary  or  the  aircraft  motions  were  damped.  Represent¬ 
ative  data  for  both  configurations  (empty  and  full  tanks)  are 
presented  in  figures  23  through  28,  appendix  E.  The  lateral  and 
longitudinal  inputs  resulted  in  a  similar  aircraft  response  when 
compared  to  a  previous  Cobra  evaluation  (ref  10,  app  A).  The 
directional  control  pulses  resulted  in  high  roll  and  yaw  rates, 
but  the  aircraft  response  after  the  controls  were  returned  to 
trim  was  heavily  damped.  The  short-term  dynamic  stability  char¬ 
acteristics  of  the  AH-IS(MC)  with  the  external  fuel  tanks  sub¬ 
system  installed  were  essentially  unchanged  from  those  seen 
during  previous  evaluations. 

Stores  Jettison  Capability 


19.  A  total  of  5  external  fuel  tank  jettison  tests  were  accom¬ 
plished  at  the  conditions  listed  in  table  3.  The  tanks  used 
during  the  jettisons  were  approximately  30  pounds  lighter  then 
the  operational  external  fuel  tanks  einee  no  "EXPLOSAFE"  was 
installed.  Since  the  "EXPLOSAFE'’  is  evenly  distributed  in  the 
operational  tanks,  the  momenta  of  Interim  about  all  axes  of  these 
tanks  will  be  higher  than  that  of  the  empty  tanks.  Therefore, 
the  angular  rates  and  accelerations  of  the  empty  tanks  observed 
during  the  jettison  tests  should  be  higher  than  those  of  the 
operational  tanks.  During  the  jettisons  in  level  flight  at 
121  KCAS  (approximate  cruise  airspeed)  and  in  autorotation  at 
61  KCAS  (approximate  minumum  rate  of  descent  airspeed)  the  sepa¬ 
rations  were  very  clean  with  no  observable  attitude  changes  to 
the  tank  until  it  was  well  clear  of  Che  aircraft.  At  106  KCAS, 
in  ball-centered  autorotation,  the  jettison  characteristics  of 
the  tank  degraded  significantly.  The  tank  started  to  pitch  up 
0.08  seconds  after  jettslon  initiation,  approximately  18  inches 
below  the  wings,  and  the  nose  started  a  right  yaw  0.05  seconds 
later.  The  tank  reached  a  90  degree  pitch  up  approximately  0.3 
seconds  after  jettslon  initiation  and  the  nose  of  the  tank  cleared 
the  wing  pylon  mounts  by  approximately  1  foot.  The  tank  then 
continued  its  pitching  motion  but  continued  to  drop  away  from 
the  aircraft  and  did  not  impact  with  the  aircraft.  The  jettison 
sequence  is  shown  in  photos  1  through  5,  appendix  E.  Jettison  at 


a  lower  airspeed  was  conducted  so  that  a  safe  jettislon  envelope 
In  autorotation  could  be  established.  These  two  jettislons  were 
done  at  85  KCAS  ball-centered  and  1/2  right  ball  out  of  trla  and 
were  accomplished  with  no  further  probleas.  No  adverse  aircraft 
handling  qualities  were  experienced  as  a  result  of  the  jettisons. 
The  following  stateaent  should  be  Incorporated  in  the  operator's 
aanual:  Prior  to  jettislon  of  the  external  fuel  tanks,  the  air¬ 
speed  should  be  below  120  KIAS  In  level  flight  and  between  50 
and  85  KIAS  In  autorotation. 

Aircraft  System  Failures 

Simulated  Engine  Failures: 

20.  The  response  of  the  AH-IS(MC)  to  simulated  sudden  engine 
failures  (with  the  external  fuel  tanks  installed)  were  evaluated 
in  forward  level  flight  at  the  conditions  listed  In  table  2. 
Engine  failure  was  simulated  by  rapidly  rolling  the  throttle  to 
flight-idle.  Flight  controls  were  held  fixed  until  one  of  the 
following  occurred:  (1)  2  seconds  following  the  simulated  power 
loss,  (2)  the  minimum  transient  rotor  speed  was  reached,  or 
(3)  the  pilot  deemed  recovery  necessary.  Representative  time 
history  plots  are  presented  in  figures  29  and  30,  appendix  E. 
The  test  results  indicate  flight  control  delay  times  were  approx¬ 
imately  0.5  seconds  for  entries  at  airspeeds  greater  than 
100  KCAS.  The  high  roll  and  yaw  rates  following  the  loss  of 
power  provided  immediate  cues  to  the  pilot  and  the  low  rotor  rpm 
warning  system  provided  an  audio  cue  approximately  1  second 
following  the  power  loss  at  which  time  collective  was  reduced. 
Due  to  the  high  roll  acceleration  generated  by  the  simulated 
engine  failure  very  large  lateral  cyclic  control  inputs  were 
required  (approximately  1.5  inches  to  the  right).  The  2-second 
collective  delay  requirement  of  paragraph  3.5.5  of  MIL-H-8501A 
(ref  11,  app  A)  could  not  be  attained  at  airspeeds  greater  than 
100  KCAS.  The  delay  times  are  consistent  with  those  observed  in 
USAAEFA  Project  No.  75-18,  reference  12.  The  installation  of 
the  external  fuel  tank  subsystem  did  not  affect  the  aircraft 
reaction  following  the  simulated  engine  failures. 

Stabilty  and  Control  Augmentation  System  Failures: 

21.  Simultaneous  three-axis  Stability  and  Control  Augmentation 
System  (SCAS)  failures  were  evaluated  in  the  external  fuel  tank 
configuration  (empty  and  full  tanks)  at  the  conditions  listed  in 
table  2.  Representative  data  are  presented  in  figures  31  through 
34,  appendix  E.  The  failures  were  evaluated  at  airspeeds  from  65 
to  117  KCAS.  The  tests  were  accomplished  by  stabilizing  the 
aircraft  at  the  appropriate  trim  speed,  then  simultaneously 


failing  all  three  channels  of  SCAS  utilizing  the  pilot's  SCAS 
release  switch.  The  flight  controls  were  held  fixed  for  a 
minimum  of  3  seconds  following  the  failures.  Recovery  consisted 
of  returning  the  aircraft  to  straight  and  level  flight  and  re¬ 
engaging  the  SCAS  when  the  airspeed  was  less  than  100  KIAS. 
There  was  no  notlcable  difference  in  aircraft  reaction  to  SCAS 
failures  in  either  configuration.  With  full  external  tanks,  the 
highest  airspeed  without  a  divergent  response  was  6S  KCAS  where 
the  roll  oscillation  was  2  degrees/second  in  response  to  the  SCAS 
failure.  With  empty  external  tanks  the  nondlvergent  response 
occurred  at  up  to  87  KCAS  but  the  roll  rate  oscillation  increased 
in  amplitude  to  +4  degrees/second.  At  117  KCAS  the  roll  rate 
was  14  degrees/second  and  roll  acceleration  was  15  degree/second/ 
second  after  1  cycle  of  the  oscillation  (approximately  6  seconds 
following  the  failure).  During  the  recovery  at  airspeeds  greater 
than  100  KIAS,  pilot  workload  increased  when  attempting  to  main¬ 
tain  roll  attitude  within  ±2  degrees  (HQRS  5).  The  response 
following  the  SCAS  failures  were  similar  to  the  SCAS  OFF  dutch 
roll  investigation  performed  during  USAAEFA  Project  No.  78-03 
(ref  9,  app  A)  but  appeared  to  be  slightly  degraded  from  that 
seen  during  the  Skid  Cross-Tube  Fairings  Removed  evaluation 
(ref  10,  app  A),  however,  it  was  not  a  problem.  The  SCAS  OFF 
characteristics  below  100  KIAS  are  similar  to  the  standard  AH-1S 
and  the  100  KIAS  limit  for  SCAS  OFF  flights  as  referenced  in  the 
-10  should  be  retained. 


STUCTURAL  DYNAMICS 


Vibration 


22.  During  all  testing,  the  aircraft  vibration  levels  were 
evaluated  qualitatively  utilizing  a  VRS.  At  gross  weights, 
altitudes  and  airspeed  combinations  associated  with  the  ferry 
missions,  abnormal  vibrations  were  noted  at  airspeeds  greater 
than  100  KIAS.  For  example,  at  a  gross  weight  of  8600  pounds  and 
a  pressure  altitude  of  5350  feet,  high  vibrations  were  encountered 
at  airspeeds  above  100  KIAS.  The  vibration  was  very  apparent  to 
the  crewmembers  and  was  severe  enough  that  notes  could  not  be 
written  and  airspeed  could  be  read  to  only  ^2  knots  (VRS  7). 
To  further  analyze  the  vibration,  the  collective  was  reduced  and 
the  aircraft  was  placed  in  a  shallow  dive  so  that  airspeed  could 
be  maintained.  The  level  of  vibration  decreased  to  a  VRS  of  4. 
The  high  vibration  level  at  airspeeds  greater  than  100  KIAS  when 
operating  at  gross  weights  greater  than  8500  pounds  and  pressure 
altitudes  above  5000  feet  is  a  shortcoming. 
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Structural  Loads 


23.  A  Halted  structural  evaluation  was  performed  In  an  attempt 
to  determine  the  critical  fuel  loading  which  would  result  in 
maximum  loads  at  the  wing  attaching  lugs.  During  the  structural 
evaluation,  axial  loads  on  the  left  wing  upper  forward  and  center 
attaching  lugs  were  monitored  in  real  tine.  The  loads  were  char¬ 
acterized  as  an  oscillatory  2  per  revolution  (10.8  hertz)  with  the 
load  amplitude  increasing  as  bank  angle  or  airspeed  was  increased 
(figs.  35  and  36,  app  E).  In  level  flight  the  endurance  limit 
of  +2200  pounds  was  reached  on  the  center  attaching  lug  at  air¬ 
speeds  above  approximately  150  KCAS.  The  airworthiness  release 
(ref  4,  app  A)  set  velocity  never  exceed  (V^g)  at  170  KIAS,  but 
due  to  the  higher  loads  seen  at  145  KIAS  the  170  KIAS  should 
be  reevaluated.  A  critical  fuel  load  evaluation  was  conducted 
by  measuring  the  wing  lug  loads  at  varioua  airspeeds  and  external 
fuel  loads.  At  all  airspeeds  tested,  the  fuel  load  in  the  exter¬ 
nal  fuel  tanks  had  little  effect  on  the  lug  loads. 


FUEL  TRANSFER  SYSTEM  AND  FUEL  MAMAGEMENT 

24.  The  fuel  transfer  control  panel  for  the  external  fuel  tank 
subsystem  was  located  on  the  pilot 'a  right  conaole.  The  control 
panel  contained  two  ON/OFF  switches  to  control  tank  mounted  air 
compressors,  two  green  cat  eye  lights  to  indicate  external  tank 
fuel  flow,  two  yellow  cat  eye  lights  to  indicate  low  fuel  in  the 
external  fuel  tanks  and  two  circuit  breakers  to  protect  the  air 
compressors.  Due  to  the  low  intensity  of  both  sets  of  lights  it 
was  difficult  for  the  pilot  to  determine  the  mode  of  operation 
in  normal  daylight  lighting  conditions.  Several  times  during  the 
evaluation  the  lights  illuminated,  indicating  fuel  flow  or  low 
fuel,  and  the  illumination  was  not  noted  by  the  pilot.  Due  to  the 
nature  of  this  particular  test  the  pilot  was  attempting  to  monitor 
the  lights  much  closer  than  a  normal  mission  pilot  would.  The 
inadequate  illumination  of  the  fuel  flow  and  low  fuel  lights  is  a 
shortcoming. 

25.  In  the  present  configuration,  the  pilot  cannot  determine  the 
amount  of  fuel  remaining  in  the  external  tanks.  As  a  result,  the 
pilot  could  transfer  fuel  asymmetrically  due  to  either  pilot 
error  or  a  system  malfunction.  In  either  case,  large  lateral 
center  of  gravity  shifts  (as  large  as  4.3  inches)  could  occur 
which  may  result  in  inadequate  lateral  cyclic  control  margins. 
The  inability  of  the  pilot  to  determine  fuel  remaining  in  the 
external  tanks  is  a  shortcoming. 
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26.  Fuel  flow  rates  for  the  external  fuel  tank  subsystem  were 
determined  by  measuring  the  amount  of  fuel  pumped  out  of  the 
tanks  during  a  specified  time  period.  This  test  was  done  at 
Edwards  AFB,  California  (2303  feet)  at  an  ambient  temperature  of 
approximately  15  degrees  celclus  utilizing  external  electrical 
power.  The  tanks  were  mounted  so  that  they  were  4  degrees  nose- 
up  when  the  aircraft  was  level  (wing  pylons  in  the  stowed  posi¬ 
tion).  The  fuel  flow  averaged  20  lb/mln  per  tank  for  the  first 
90  gallons  transferred  and  decreased  to  approximately  8  lb/mln  per 
tank  for  the  remaining  10  gallons.  The  fuel  transfer  lights  on  the 
pilot's  control  panel  would  not  always  remain  illuminated  during 
the  transfer  of  the  last  10  gallons,  (all  but  one  gallon/tank  was 
usable  during  level  flight).  Since  the  rate  of  fuel  transfer 
from  the  external  tanks  is  greater  than  the  rate  of  fuel  consump¬ 
tion  by  the  engine,  it  is  possible  to  overfill  the  main  tank, 
resulting  in  fuel  venting  overboard.  The  Inability  of  the  pilot 
to  regulate  the  external  fuel  flow  rate  to  the  main  fuel  cell  is 
a  shortcoming. 


EXTERNAL  FUEL  TANK  SUBSYSTEM 

27.  The  installation  of  the  external  fuel  tanks  subsystem  was 
accomplished  with  only  two  permanent  modifications,  a  cutout  in 
the  leading  edge  of  the  wing  store  pylon  fairings  (photo  3, 
app  B)  and  a  cutout  in  the  access  panels  in  the  area  beneath 
the  transmission  (photo  4,  app  B),  The  installation  of  the 
various  fuel  lines  and  check  valves  in  the  area  beneath  the 
transmission  was  difficult  due  to  limited  space.  Photos  5  and  6 
show  the  limited  space  in  this  compartment.  The  external  plumbing 
should  be  rerouted  so  that  the  fuel  and  electrical  lines  are 
not  routed  through  the  area  under  the  transmission.  Consideration 
should  be  given  to  routing  the  various  lines  to  enter  the  aircraft 
belly  externally  in  the  vicinity  of  the  forward  fuel  sump  drain. 

28.  The  internal  fuel  system  in  the  AR-l  series  have  a  crashworthy 
fuel  system  (self-sealing  break-away  fuel  lines  and  self-sealing 
fuel  tanks).  The  external  fuel  tanks  and  lines  operate  utilizing 
air  pressure  and  the  only  crashworthy  design  in  the  entire  system 
was  the  addition  of  "EXPLOSAFE".  Additionally,  the  motor  which 
drove  the  air  compressor  (mounted  just  aft  of  the  fuel  filler 
cap)  appeared  not  to  be  explosion  proof  (no  "explosion  proof” 
markings  and  no  spark  protection  for  motor  brushes).  The  lack 
of  adequate  crashworthiness  protection  of  the  external  fuel  tank 
subsystem  significantly  degrades  the  overall  system  safety  of  the 
AH-1  series  when  Installed  and  is  a  deficiency. 


RECOMMENDATIONS 


32.  The  following  recommendations  are  made: 

a.  The  deficiency  reported  In  paragraph  30  must  be  corrected. 

b.  The  shortcomings  reported  in  paragraph  31  should  be 
corrected. 

c.  The  airspeeds  published  In  the  operator's  manual  (ref  3, 
app  A)  for  autorotational  flight  with  wing  stores  should  be  used 
for  the  external  fuel  tank  configuration  (para  9). 

d.  The  rotor  speed  should  be  maintained  at  100%  (324  rpm) 
during  autorotations  (para  10). 

e.  The  following  jettlslon  envelope  should  be  incorporated 
in  the  operator's  manual:  Prior  to  the  jettision  of  the  external 
fuel  tanks,  the  airspeed  should  be  below  120  KIAS  in  level 
flight  and  between  50  and  85  KIAS  in  autorotation  (para  19). 

f.  The  170  KIAS  VNE  should  be  reevaluated  (para  23). 

h.  The  external  plumbing  should  be  rerouted  so  that  the  fuel 
and  electrical  lines  are  not  routed  through  the  area  under  the 
transmission  (para  26). 
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APPENDIX  B.  DESCRIPTION 


GENERAL 

1.  The  AH-1S  (Modernized  Cobra  (MC))  helicopter  Is  a  tandem 
seat,  two  place,  single  engine  aerial  weapon  platform.  A  three- 
axis  Stability  and  Control  Augmentation  System  (SCAS)  is  provided 
with  actuators  limited  to  +12.5  percent  authority.  The  fuse¬ 
lage  (forward  section)  employs  aluminum  alloy  skin  and  aluminum, 
titanium  and  fiberglass  honeycomb  panel  construction.  Honeycomb 
deck  panels  and  bulkheads  attached  to  main  beams  produce  a  box- 
beam  structure.  These  beams  make  up  the  primary  structure  and 
provide  support  for  the  cockpit,  landing  gear,  wings,  engine, 
pylon  assembly,  fuel  cells,  and  tailboom.  The  nose  section  incor¬ 
porates  a  20  MM  cannon  mounted  on  a  universal  turret  and  a  gyro 
stablized  telescopic  sight  unit.  The  tailboom  is  a  tapered 
semi-monocoque  structure  and  supports  the  cambered  vertical 
stabilizer  tall  skid,  elevators,  and  tall  rotor  drive  system. 
The  AH-IS(MC)  incorporates  two  fixed  cantilever  wings  which  have 
a  span  of  129  inches  (wing  tip  to  wing  tip)  and  a  mean  chord  of 
30  inches.  The  primary  function  of  the  wings  are  to  provide 
support  for  wing  store  pylons.  Each  wing  has  two  pylons.  The 
inboard  pylons  are  fixed  and  the  outboard  pylons  are  articulated 
(pitch  axis  only).  The  outboard  pylons  are  limited  by  the  opera¬ 
tor's  manual  (ref  3,  app  A)  to  approximately  500  pounds. 
Additional  description  of  the  AH-1S  (MC)  is  contained  in  the 
operator's  manual. 


POWER  PLANT 

2.  The  T53-L-703  turboshaft  engine  is  installed  in  the  AH-IS(MC) 
helicopter.  This  engine  employs  a  two-stage,  axial-flow  free 
power  turbine;  a  two-stage,  axial  flow  turbine  driving  a  five- 
stage  axial  and  one-stage  centrifugal  compressor;  variable  inlet 
guide  vanes;  and  an  external  annular  combustor.  A  3.2105:1 
reduction  gear  located  in  the  air  inlet  housing  reduces  power 
turbine  speed  to  a  nominal  output  shaft  speed  of  6604.3  rpm  at 
100  percent  N2.  Maximum  uninstalled  engine  shaft  horsepower 
(shp)  is  1800  shp  on  a  sea  level  standard  day  condition.  Installed 
in  the  AH-1S  aircraft  the  engine  is  transmission  limited  to 
1294  shp  for  30  minutes  at  less  than  100  knots  indicated  airspeed. 


INTERNAL  FUEL  SYSTEM 

3.  The  AH-IS(MC)  is  equipped  with  a  crashworthy  fuel  system. 
This  system  is  designed  to  contain  fuel  during  a  severe,  but 
survivable,  crash  impact  to  reduce  the  possibility  of  fire.  The 
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fuel  system  consists  of  two  fuel  cells  which  when  full  contain 
26(1  useable  gallons,  a  fuel  quantity  gauge,  a  separate  low  fuel 
warning  system,  a  fuel  boost  pump  In  each  tank,  and  assorted 
plumbing  and  electrical  lines.  There  are  no  provisions  for  fuel 
jettision  or  measurement  of  fuel  flow.  Additionally,  all  fuel 
lines  are  configured  with  self-sealing  break-away  connectors. 


EXTERNAL  FUEL  TANK  SUBSYSTEM 

4.  The  auxiliary  fuel  system  (photos  1  through  7)  consists  of 
two  100-gallon  Kellet  fuel  tanks  (fig.  1),  two  pump  assemblies  and 
brackets  which  have  been  qualified  for  use  on  US  Navy's  AH- IT 
helicopters.  The  fuel  transfer  lines,  electrical  power  lines, 
fittings,  control  panel  and  circuit  breaker  panel  were  prototypes 
designed  for  a  short  term  mission.  The  inadequate  crashworthiness 
in  that  the  tanks  are  filled  with  "EXPLOSAFE"  material.  None  of 
the  lines  or  connectors  are  self  sealing  and  the  entire  system 
is  pressurized.  The  system  is  manually  operated  through  switches 
mounted  at  the  pilot's  station.  These  switches  control  air 
pumps  mounted  on  the  outboard  pylons  (photo  3).  The  pumps  are 
designed  to  pressurize  the  tanks  and  force  fuel  by  air  pressure 
through  the  fuel  transfer  lines  (photo  7)  to  the  main  tanks. 
Check  valves  located  in  the  area  under  the  transmission  (photo  6) 
prevent  reverse  flow  of  the  fuel  from  the  main  tank  back  into 
the  external  tanks.  Actual  fuel  flow  is  indicated  to  the  pilot 
through  the  use  of  two  fuel  flow  lights  (one  for  each  tank) 
located  on  the  control  panel.  A  second  set  of  lights  on  the 
control  panel  indicate  low  fuel  level  (approximately  10  gallons 
remaining  )  in  each  external  tank.  The  weight  of  each  100  gallon 
kellet  tank  is  84  pounds. 


PRINCIPAL  DIMENSIONS 

5.  The  principal  and  general  data  concerning  the  AH-1S  (MC) 
helicopter  (photo  2)  are  as  follows: 

Overall  Dimensions 


Length,  rotor  turning 

53  ft,  1  in 

Width,  rotor  turning 

44  ft. 

Height,  tail  rotor  turning 

13  ft,  9  in 

Main  Rotor  (K747  IMRB) 

Diameter 

44  ft 

Disc  area 

1520.53  ft2 

Solidity 

0.0625 
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Planform 


Blade  twist 

Normal  main  rotor  speed 

Tall  Rotor 

Diameter 
Disc  area 
Solidity 

Number  of  blades 
Blade  chord,  constant 
Blade  twist 
Airfoil 


Tall  rotor  speed 


Fuselae 


Length,  rotor  removed 
Height: 

To  tip  of  tall  fin 
Ground  to  top  of  mast 
Ground  to  top  of  transmission 
fairing 
Width: 

Fuselage  only 
Wing  span 
Skid  gear  tread 
Elevator: 

Span 
Airfoil 
Vertical  Fin: 

Area 

Airfoil 

Height 

Wing: 

Span 

Incidence 
Airfoil  (root) 

Airfoil  (tip) 


Trapezoidal  chord  30.0” 
tapering  to  10.0”  at  tip. 
-0.556  deg/ft 
324  RPM  (100%) 


8  ft,  6  In. 

56.75  ft2 
0.1436 
2 

11.5  In. 

0.0  deg/ft 

NACA  0018  at  the  blade 
root  changing  linearly 
to  a  special  cambered 
section  at  8.27  percent 
of  the  tip 
1655.1  RPM  (100%) 


44  ft,  7  In. 

10  ft,  8  In. 

12  ft,  3  In. 

10  ft,  2  In. 

3  ft 

10  ft,  9  In. 

7  ft 

6  ft,  11  in. 
Inverted  Clark  Y 

18.5  ft2 

Special  cambered 
5  ft,  6  in. 

10  ft,  9  In. 

17.0  deg 
NACA  0030 
NACA  0024 
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Figure  1.  Kellett  Auxiliary  Fuel  Tanks 


Photo  1.  Kellett  External  Fuel  Tanka  Configuration 

Front  View 
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Compartment  Beneath  Transmission  -  Right  Side 


Flight  Control 
Hydraulic  Lines 


Photo  6.  Compartment  Beneath  Transmission  -  Left  Side 


APPENDIX  C.  INSTRUMENTATION 


1.  The  test  instrumentation  system  was  designed,  calibrated, 
installed,  and  maintained  by  USAAEFA.  Data  were  obtained  from 
calibrated  Instrumentation  and  were  recorded  on  magnetic  tape 
and/or  displayed  in  the  cockpit.  The  digital  instrumentation 
system  consisted  of  various  transducers,  signal  conditioning 
units,  a  ten-bit  pulse  coded  modulation  (PCM)  encoder,  and  an 
Ampex  AR  700  tape  recorder.  Strain  gages  were  mounted  on  the 
left  wing  at  the  upper  forward-wing  lug  and  the  upper  mid-wing 
lug  to  measure  axial  loads  (photo  1).  The  digital  data  were 
telemetered  to  a  ground  station  for  in-flight  monitoring.  External 
tank  jettlsion  tests  were  recorded  on  high  speed  video  tape.  A 
boom  with  the  following  sensors  was  mounted  on  the  nose  of  the 
aircraft:  swiveling  pitot-static  head,  sideslip  vane,  angle-of- 
attack  vane,  and  total-temperature  sensor  (photo  2,  app  B).  Boom 
airspeed  system  calibration  is  shown  in  figure  1,  and  engine 
torque  sensor  system  calibration  is  shown  in  figure  2. 

2.  Calibrated  cockpit  monitored  parameters  and  special  equipment 
are  listed  below. 

Pilot  Station 


Airspeed  (boom) 

Airspeed  (ship's  system) 

Altitude  (boom) 

Altitude  (ship's  system) 

Rate  of  climb  (ship's  system) 

Rotor  speed  (sensitive) 

Engine  torque 

Gas  generated  speed  (Nj) 

Power  turbine  speed  (M2) 

Measured  gas  temperature  (TGT) 
Angle-of-side8lip 

Outside  air  temperature  (ship's  system) 

Event  switch 

External  fuel  transfer  controls  and  displays 

Copilot /Engineer  Station 

Airspeed  (ship's  system) 

Altitude  (ship's  system) 

Rotor  speed  (sensitive) 

Engine  torque  (sensitive) 

Fuel  used  (totalizer) 

Fuel  flow 

Gas  generator,  speed  (Nj)  (ship's  system) 
Measured  gas  temperature 
Time  of  day 


Total  air  temperature  (boom) 

Event  switch 

Instrumentation  controls  and  displays 

3.  Parameters  recorded  on  magnetic  tape  were  as  follows: 

PCM  Parameters 

Airspeed  (boom) 

Airspeed  (ship’s  system) 

Altitude  (boom) 

Altitude  (ship's  system) 

Rotor  speed 
Engine  torque 
Fuel  used 
Fuel  flow 

Gas  generator  speed  (N}) 

Power  turbine  speed  (N2) 

Measured  gas  temperature 
Control  position 
Longitudinal 
Lateral 
Directional 
Collective 

Longltdulnal ,  lateral  and  directional  SCAS  actuator  positions 
Pitch,  roll  and  yaw  attitudes 
Pitch,  roll  and  yaw  rates 

Longitudinal,  lateral  and  directional  linear  accelerations 

Angle-of-sideslip 

Main  rotor  flapping  angle 

Left  wing  upper  forward  lug  axial  load 

Left  wing  upper  mid  lug  axial  load 

Pilot/engineer  event 

Time  of  day 


Wing  Lug  Strain  Gaga  Locations 


Upper  Mid-Wing 
_ Lug 
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APPENDIX  D.  TEST  TECHNIQUES  AND  DATA 

ANALYSIS  METHODS 


GENERAL 

1.  Performance  data  were  obtained  using  the  basic  methods 
described  In  Army  Material  Command  Pamphlet  AMCP  706-204  (ref  6, 
app  A).  Performance  testing  was  conducted  in  zero  sideslip 
flight.  Handling  qualities  data  were  evaluated  using  standard 
test  methods  described  In  Naval  Air  Test  Center  Flight  Test 
Manual  FTM  No.  101  (ref  7,  app  A). 


AIRCRAFT  WEIGHT  AND  BALANCE 

2.  The  aircraft  was  weighed  In  the  instrumented  configuration 
with  full  oil  and  all  fuel  drained  prior  to  the  start  of  the 
Preliminary  Airworthiness  Evaluation  program.  The  initial  weight 
of  the  aircraft  was  7468  pounds  with  the  longitudinal  center 
of  gravity  (eg)  located  at  (PS)  200.9.  The  aircraft  was 
periodically  weighed  during  the  program  as  items  necessary  for 
various  tests  were  added  or  deleted.  The  aircraft  gross  weight 
was  adjusted  for  the  external  fuel  tanks  installation.  This 
Increased  the  gross  weight  of  the  aircraft  by  200  pounds.  The 
fuel  cells  and  an  external  sight  gage  were  also  calibrated.  The 
measured  Internal  fuel  capacity  using  the  gravity  fueling  method 
was  254.4  gallons.  The  fuel  weight  for  each  test  flight  was 
determined  prior  to  engine  start  and  after  engine  shutdown  by 
using  the  external  sight  gage  to  determine  the  volume  and  measur¬ 
ing  the  specific  gravity  of  the  fuel.  The  calibrated  cockpit 
fuel  totalizer  indicator  was  used  during  the  test  and  at  the  end 
of  each  test  was  compared  with  the  sight  gage  readings. 


PERFORMANCE 


General 

3.  Helicopter  performance  was  generalized  through  the  use  of  non- 
dimensional  coefficients  as  follows  using  the  1968  US  Standard 
Atmosphere : 

a.  Coefficient  of  Power  (Cp): 


SHP  (550) 

CP  -  _  (1) 

P6(0R)3 
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b.  Coefficient  of  Thrust  (C-p): 

GW 

CT  “  2 

pA(fiR) 

c.  Advance  Ratio  (u): 

VT( 1.6878) 

VI  =  ~  ’ 

HR 


Where: 

SHP  =  Engine  output  shaft  horsepower 
P=  Ambient  air  density  (lb-sec^/f t^) 

A  =  Main  rotor  disc  area  ■  1520.53  ft^ 

0  =  Main  rotor  angular  velocity  (radians/sec) 
R  =  Main  rotor  radius  ■  22.0  ft 
GW  =  Gross  weight  (lb) 


2it 

_ x  RPM 

60 


VT  =  True  airspeed  (kt) 


1.6878/p/ pQ 
1.6878  =  ConversiorTTacrDT~(~&t/ajec-kt ) 

=  0.0023769  (lb-sec2/ft4) 


VE  =  Equivalent  airspeed  (ft/sec) 


7  (70.7262  Pa) 


<>c 

(  -  +  1) 

Po 


2/7  _ 


70.7262  =  Conversion  factor  (lb/ft2  -in. 
Qc  =  Dynamic  pressure  (in.  -Hg) 


1/2 


-Hg) 


BEST  AVAILABLE  COPY 
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Pa  ■  Ambient  air  pressure  (In.  -Hg) 

At  the  nominal  operating  rotor  speed  of  324  RPM  (100%)  the 
following  constants  may  he  used  to  calculate  Cp  and  C>j>: 

OR*  746.44  ft/sec 

A( 0  R)2  -  847203716.6  ft4/sec2 

A(0  R)3  -  1149797798  SHP  ft4 
550  lb  sec2 

4.  The  engine  output  shaft  torque  was  determined  by  use  of  the 
engine  manufacturer's  torque  system  and  using  the  calibration 
obtained  at  Corpus  Chrlstl  Army  Depot  on  2  March  1984  (fig  1, 
app  C).  The  output  shaft  horsepower  (SHP)  was  determined  from 
the  engine  shaft  torque  and  rotational  speed  by  equation  (4). 


Q(Np) 

SHP  -  - 

5252.113 


(4) 


Where: 

Q  =  Engine  output  shaft  torque  (ft-lb) 

Np  *  Engine  output  shaft  rotational  speed  (rpm) 

5252.113  =  Conversion  factor  (ft-lb-rev/min-SHP) 

Level  Flight  Performance 

5.  Level  flight  performance  was  determined  by  using  equations  1 
through  3,  rewritten  In  the  following  format. 

SHP  (478935.3) 

3 

(P0AR3)  (5) 


Cp 


6/9 


nr 

✓e 


°r 


GW  (91.19) 


Nr 

/e 


_  2 


(P0AR2) 


(6) 
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(16.12) 


Nd 

(r/0  )  7e 


Changes  in  horsepower  due  Co  changes  In  flat  plate  area  were 
determined  from  the  following  equation: 

(&Fe)(o)(VT3) 


96254 


Whe re: 


6  =  Pressure  ratio  ■ 


29.92126  In.  -Hg 


0  -  Temperature  ratio 


OAT  +  273.15 
288.15 


OAT  -  Ambient  air  temperature  (°C) 
Nr  ■  Main  rotor  speed  (rev/mln) 


478935.3  ■  Conversion  factor  (ft-lb-sec^  -revVmln^-SHP) 

91.19  -  Conversion  factor  (sec^-rev^/min^) 

16.12  -  Conversion  factor  (f t-rev/min-kt) 

AFe  *  Change  In  equivalent  flat  plate  area  (ft^) 

96254  **  Conversion  factor  (f t^-kt^/SHP) 

6.  Each  speed  power  was  flown  in  zero  sideslip  flight  by  refer¬ 
ence  to  an  angle  of  sideslip  Indicator  at  a  predetermined  coef¬ 
ficient  of  thrust  (Ct)  and  referred  rotor  speed  (NR//5).  To 
maintain  the  ratio  of  gross  weight  to  pressure  ratio  (W/6) 
constant,  altitude  was  increased  as  fuel  was  consumed.  To  maintain 
NR//TT  constant  rotor  speed  was  changed  as  temperature  changed. 


■  «  *•'/*/  v  *.  •’*  /'  .*■  .**  %*•  *'•  .*•  4*1  ►  *  ‘ 
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7.  Test-day  level  flight  data  was  corrected  to  a  referred  rotor 
speed  of  324  rpm  and  to  standard  day  conditions  by  the  following 
equations: 


SHPs 


"  JiE _  ' 

3 

<«s  ^s) 

/e 

s 

L 

-JJb_  ’ 

3 

(«t  ffo 

/9 

s 

(9) 


VT 

s 


(10) 


where: 

subscript  s  -  standard  day  conditions 
subscript  t  »  test  day  conditions 

8.  The  data  obtained  with  and  without  external  fuel  tanks  in¬ 
stalled  were  analyzed  by  use  of  a  three  dimensional 
plot  (Cf  and  p  versus  Cp)  for  each  configuration.  The 
reduction  of  this  simulated  three  dimensional  plot  to  a  family 
of  curves  of  C?  versus  Cp,  for  a  constant  p  value,  allows 
determination  of  the  power  required  as  a  function  of  airspeed 
for  any  value  of  Gy.  The  data  obtained  with  the  external  fuel 
tanks  Installed  were  compared  with  data  obtained  with  the  basic 
aircraft  for  determining  the  equivalent  flat  plate  area  of  the 
external  fuel  tanks. 

Autorotatlonal  Descent  Performance 


9.  Autorotatlonal  descent  performance  data  were  obtained  at 
various  airspeeds  with  constant  rotor  speed  and  at  various  rotor 
speeds  with  constant  airspeed.  The  tapeline  rates  of  descent 
were  calculated  by  the  following  equation. 


I 


tapeline 

where: 

T  »  ambient  temperature  (K) 

The  tapeline  rate  of  descent  was  plotted  versus  test  pressure 
altitude.  These  plots  were  entered  at  the  desired  pressure 
altitude  to  obtain  data  for  presentation  in  figures  11  and  12, 
appendix  E. 


dt 


HANDLING  QUALITIES 

10.  Stability  and  control  data  were  collected  and  evaluated  using 
standard  test  methods  described  In  reference  7,  appendix  A.  The 
Handling  Qualities  Rating  Scale  (HQRS)  presented  In  figure  1  was 
used  to  augment  pilot  comments  relative  to  handling  qualities. 

Vibration 


11.  Vibration  was  qualitatively  evaluated  and  the  Vibration 
Rating  Scale  (VRS)  presented  in  figure  2  was  used  to  augment 
crew  comments  on  aircraft  vibration  levels. 


gure  1.  Handling  Qualities  Rating  Scale 


DEGREE  OF 
VIBRATION 


DESCRIPTION1 


PILOT 

RATING 


Not  apparent  to  experienced  aircrew  fully  occupied 
by  their  tasks,  but  noticeable  if  their  attention  is 
directed  to  it  or  if  not  otherwise  occupied. 


Experienced  aircrew  are  aware  of  the  vibration  but 
it  does  not  affect  their  work,  at  least  over  a  short 
period. 


Vibration  is  immediately  apparent  to  experienced 
aircrew  even  when  fully  occupied.  Performance  of 
primary  task  is  affected  or  tasks  can  only  be  done 
with  difficulty. 


] 

] 

] 


Sole  preoccupation  of  aircrew  is  to  reduce  vibration 
level. 


1  Based  upon  the  Subjective  Vibration  Assessment  Scale  developed  by  the  Aeroplane  and 
Armament  Experimental  Establishment,  Boscombe  Down,  England. 


Figure  2.  Vibration  Rating  Scale 


APPENDIX  E.  TEST  DATA 


INDEX 


Figure 

Level  Flight  Performance 

Autorotatlonal  Descent  Performance 

Control  Positions  in  Trimmed  Forward  Flight 

Static  Longitudinal  Stability 

Static  Lateral-Directional  Stability 

Dynamic  Stability 

Simulated  Engine  Failure 

SCAS  Disengagement 

Wing  Lug  Load 


Photo 


Figure  Number 

1  through  10 
11  and  12 
13  through  18 
19  and  20 
21  and  22 
23  through  28 
29  and  30 
31  through  34 
35  and  36 


Photo  Number 


External  Store  Jettisons 


1  through  5 


K 


i 


NONDIMENS! ONAL  LEVEL  FLI$HT  PERfOfflANCI 
•IS  MODERNISED  COBRA  j{MC>  USA- -S/Nf  69-1 

iPiciEAN  CQNFI GURAimJ- -  - lL 
2L  ZERO  SIDESLIP  j  T  |  i  . 

3.  REFERRED  ROtOR  SPEED  ;^  324  RPHi 


4j.  AVG  t01IG.  Cfe  LOCATI 
5’.  POINTS  OBTAINED  FROM 


TON  “F5‘TV670tMnr)| 
M  FIGS.  3  \  ■  J 


AVG  ' 
GROSS 
WEIGHT 
CLB) 

9028; 


0.25 


15 

fie 

m  ■ 

-Ims 


1000- 


f IGURE  5  i 

!  '  i  ■  ;  LEVEL  FLIGHT  PERFORMANCE 
AH-tS  MOpCRNlZEOi  COBRA  CMC)  MSA  S/N  pO-t6423: 

:  ■  :  ■  '  '  :  :  I  j  ■  ;  ! 

r  ;  avg  r  avg  avg  avg  avg 

LONGITUDINAL  DENSITY  OAT  j  ROTOR;  ; CT  ; 

CG  LOCATION  ALTITUDE  . ! - [  SPEED:  1 

CFS);  CFT)  i  CDEG  C)  CRPM) 


CONFIG 


i  CFS)  ,  CFT) 

196.0  CMID)  75S0 


St  9  0.005798  CLEAN 


NoTESi  ,t.  Referred  rdtqr  speed  -  324  rpm. 

2.  ZERO  SIDESLIP.  |  ! 


%  0  P®B0  p 


I  j 

i  j 

•i  -  ; 


□  0  t 


0  0 


...  ..  ...... ^ 

l  I-  ■  ■  1 

I-  I  j.  I 

T"r'"T  T 

i . r  -!  ! 


!  '  i  :  I  •  = 


•i  -  :  0  : 

t  i  ;  1 


;  ■  !  1  s 

*!■  *  j  -  i 


1  1 

1  ■  i 


•  I  : 
t 


j 

. . t 

CURVE  DERIVED  FROM 
FIGS.  1  AND  2 


AIRSPEED  CKNGTS) 


ADVANCING 
TIP  MACH  NUMBER 


ENGINE  SHAFT  HORSEPOWER  (SHP)  (MAUT  AIR  MILES/LB  FUEL) 


FIGURE  10 

LEVEL  FLIGHT  PERFORMANCE 
AH- IS  MODERNIZED  COBRA  (MC>  tISA  S/N  69- 1 8423 


AV6 

AVG 

AVG 

AVG 

AVG 

AVG 

CONFIG 

GROSS 

LONGITUDINAL 

DENSITY 

OAT 

ROTOR 

CT 

WEIGHT 

CG  LOCATION 

ALTITUDE 

SPEED 

..  _ 

(LB) 

CFS) 

(FT) 

(DEG  C) 

(RPM) 

EXT 

8970 

198.2  (MID) 

10.990 

-7  .  0 

314 

0.008827 

TANKS 

NOTES-.  1 .  REFERRED  ROTOR  SPEED  -  324  RPM. 
2.  ZERO  SIDESLIP. 


TRUE  AIRSPEED  CKNOTS5 


52 


■■iiHitniiHMiiHiMiMiHiaHnMMt'  »  "■«  _<  *-*■*••*■  ’  a  j  /  avr  ih  n/lk  a  .•  »M'  ./  aaaa  »  ’.'•••*  .1  hm.^  m  **r:  - 

■*•*•**#•  **********  a  *******  a  ••  >i  »mi  -  j  »>.-**  m  4>  '  ■  a.  m  •  1  1  »*.-„«(  »  -  j  i,  aii  -a.  *•.  1  *a  * 

>***  a**aa ***** aaaaa a*aa* a* •* a  *****  aaaa  »  l  «  ,t*  -«**  a*  *■  •;•*■>*■•  ■  i**»  ■«  *  llata  .  »•  *  a  ‘  t<  ••»,«•■■■*,*  'I  ».■.«»  >«••  *a 

...  . -  • 


■  ■•■MMailMMilMa  ■  ■-  :**aa ***** aaaaa *******  a  ,|  v  Uliiai  iltHM 

I  •■••••»•*•  iiiMMtl-  MMMIHI  f 

|usxs:ss::n:H:: 

I  •#**•  *****  aa  .  . .  •  «.  .m  hm«m>  ..  »i  •  lit  i  1  .ait>  m 

liaai<IMl«iMMa<i'  f  '  * '<  ••••UH'a'-<IWH'V  '|r|-'--f  M'lMil 

■  aaaaaaaaa*  aaaaaaa  -  tan*  a  laaaaaai  1.  >-i|iaii‘  a*  *■**•■#  aaai 

liitaiaiMMaaMN  \  -  <1  a  aaaataaa  •  iii  aiai 

I  •  *•*■  •••»  laiHaiaa*  **********  >ait>  aaaaMaaaa  aaaaiii 

|  *aaaa  aaaaa  ***** aaaa>  .  m*  -  >  . ■••••ft  •  .1  •  1.  » - 

■  ■••H»aaa  *aii**aa*  a  aa  ■  a  litaaaaiiaaaiaaaiii  •  t  > 

linMaiaai  itaMiaaaa  . a,a. aatiaaituiii HaMtaa.. M.a.« 

— - - - - - - laa  aaaaa  aaaaa  aaaaa  ai - * - - " 


ia  HMiia'ai'a-iaiana  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  ****  law*  *-■.--*-**»  ■ 

taaaaaaaa  a  >1  -aa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  '  nn>  i»ai  »**»  »-  h  i  .  -  aa  a  ■»«  a  > 
*mi(M  .  u  ii  ■  ia  aaaaa  ■  aa  aa  aaaaa  aaaaa  alia*  aaaaa  aaaaa  a  .*  -  MMliiin  ••  <  a  1  M*  a,  *  .  1 


LUfiitL’ 


.....  — _z ...  .  .  ja  Ilaiaaaa  ■«  -  1  1  2  i'Ihim 

is < «> ; 3 t  it  n isnfXK  !  s zsmsj 

»•••••  ■»•••  •••••  (iMliMla  ifMlliiil  fUfi  M 
******  aaaaaaaaaa  iamaaau  iitaaiatMUMin 

3i«sr.^rs::s::s::::s:::'.r::s:cKxsi 

IfMMl  JT*  ■  MMMMilMM  I  -  »  •  UIMHIII 

Skm!  xsnrxxxx  bsssksk  Basn 


aaaaa  aaaaa  aaaaa a< 


J aaaaa aaaaa aaaaaaaaaa 


ia aaaaaaaaaa  aaaaa aaaaa  a 

ia  aaaaa  aaiaa  aaaaaaaaaa  at 


•••aaaaaaaala*""! •  a?  a  a ia*. aaaa! aaai! S 
- - aa aaaaa aaaaa a  a  aa  <a  w  » a  laaa aaaaaaaaaa a. 


aaaaaaaaaa  aaaaa  aaaif  aaiai  ***ii  aiaaa  a*a*a  aiiliiUH  iaaij  aifij  iaUliHB  iiiaaiaaa*  ■ 
aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  anaa  aaaaa  aaaaaaaliilaaaiilaH  a  a  mm  a  aaaaa  laaaaaaaaa  ■ 

zszcsssss:  :::::::::: :::::  :nx:  nszxsui  gut  ma  qui  ga;iw  I 

laa  aa  aaaaa  aaaaa  a  aaaaaaaia  lama*  aaaaa  aaaaa  aaiaa  aa  aw  aaaaa  aMia  >ili*illia»iaai>aaaa| 
aaaaaaaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaa  aaa*4  aaaaiiaaaa  aiaH  HaiaaHKiaijaBaiaaaiaal 
aaaaa aaaaa aaaaa aaaaa  aaaaa gaaaa aaaaa aaaa I aaaaa aaaaa aaaaa  aaaaa  aaaaa  aaaia aihiaiiSit ■ 

HBHBBHHMHHHHHHi 


■■aaaaa aaaaa ***** iaaia aaaaa aaai 
1  a  a  a  a  a  a  a  a  g  a  a  a  6  a  a  ■  **aat*iii^*aj 

iUiili&HdHiM 


I  in**  •««•!  «ia««Hiit  ii'  -t  »ai  aaaaa  aaaa*  aaiifaftffa .  a  «  a  >a  t  litSi  »  »  a  -a  ..»•*■<  a  >  »■  til  a  a  >  <  1  aiiaiaa  •  »  <i «  1  -  ■  talar  iSa  aaa  ■  ail  n  1*  -  -a 

I  aaaaa  aaaaa  aaaaaaaaaa  a  a-  aaa' •  atiaiiaai  aaaaaaaiii  1  a  3  a  1a  1  •  aaai  •  >•  i  •  »«  •*«  aa  •  1  *  •  ■•ail'-tait  *1  t  «  ><>ta  a.'  i  a  •  C  >  aaa  ala  1  a  •'  •*  ■» 

|  :::H|5|s:  i:::i 5r  "  ii;.: 1 j:xrH5?”  8**!«*«3  !»»>•;<•  s; 

•«iai •attaiata* • 
laaaaaaiaaaaaaaaiia . . 

aaaaaaaaaa aiaaaaaar  • 

aaaaaaaaaa  aaaaa aaaa. 

J aaaaaaaaaa aaaaaaaar  .... 

I  ::u: 

I «:*•;;  *\**\\ 

■  aaaHlaiM  aaaaaaaar  •  •  n  a  aaaaa  1 

I ::::: :::::  sHini; : :  F*  j  iii!:  i^|i  !Hi:  i|iii  iH! 

■aaaaiiaaaa aaaaaiaat ..aaaaa  -iaaaaaaaiii 9iifVli*t9lftl 
I  lanaaaata  ala ••••»  t  r  aaar  1  -  aaaaa  aaaaa  aaaaa  aaaaa  Bail 


I aaaaa aaaaa aaaaa aaai  ••  •  a.aafia 

■  aaaaa  aaaaa ia aaa aaaa*  -  j - 

- ta aaaaa aaaa;aaa>  •  •  *a 

ia  aiaaa  aaaaa  iul  ..  j.  a 

=  I 


lu::l 

■  aaaaa 

B  aaai 1 1 


iii HiH Hr** lissHc:*  :■  . . . . 

la  -.aall-  . . .  -!iiiii«iiia<  iiilii  >-•  iiiiBaa  *  •  * 

- - aaa  aaaa  a  a... a  aaaaa _ aa  aaaaa aa  (aaaaa  - 


laaaaaaaaa  aiaaa X< 

5s:::x::s:  usiiS 


!:Hiiiiiiiiilii!iiiiiiiiii;iili!iiiiiiiii!Hiiiiiiiifij!i 


,:ra!! 


‘iliilillliyiil 


iff  I'HilHpjjhidlldlifi 

r .hwi:*'  Mig!»  t  a'!!::*!* 

I  Hen:: 

P®ll  SSP  PiHHHS  iliii  n?*i« 

aaa  aaaiai  M  UHUJf  '■ 


aaaaaaaiaiMaiaaatiaaaM  mmi 

,  !  J* 

I aaaaa  aaa a 1 aaa ai aaiaa at* alaaaa 

■  aaaaa  taaai iiiiiaaif* ia  «■ nai  a iaaia 

■  aaaaa  aaaaa  aaaaaaaafeaaa  aa  r-  •  aaaaa 

laaaaiaaaaa aaaaaaaaaa at^allaaaa aaaa* 

I aaaa* aaaaa *****  ***** *i  aa a*a*a  aaaa* _ kill < 
I  anamaii  aaitiaiaii  a*  *•  laai  ■ffiiaaaalt  1 

■  aaiaa  taiaa  imii taaai  m  ••  r-  iMiiiHiir 
I aaaaa  taaai aaaaaaaaaa*  •» a  aaar  *  aaaaaaaaal 

UBS 
l»:i 


I ::::::::::  :ms :|sx;  :x 

lilillli* 

-  -  aa***'  .■*•*(■*  a  aaaaaaaaal  *1 

•  •till • • J.  a.  .  >* •**{■•>• it aL_. 
_  .'•••*•'  •  .  1  -.t  .» aaaaa laift  iiii 

...t  j,  •_  a  ••••*  ~  ajjl  •••] 

* taaaX !•!•!••■*! 
•«•••*• aaaaaaagai 


« aaaaaaaaaa a*  .. 1.. 


liiill 

iiiiiii::: 

HiiiHHiiHS!!!!!iiUiiiiifniiil!!!iUf[f!!i!i!!flii!liii!fll  Blii!llii!liiifiHili!Hililfiii!8iiill{{8i6ll 
iiiiiiiiii!!iiii!i!{iliiii!iiilii!!iiiililitliiilii!iiiii%iHI9fill!lff!i{!il{iyiilllllH!iillf^ 


: : ; : 

0 

T;] 

•  ••Ml  MJM  MMI  •••! 


■■••■•■•«••■•■••••• 

>••••••••■•••■••■••  I  • 

'••■••■•••••■••••••I  Ii 


•  ••••■■•  •■! 


taaaaaaaBB •••••••••• •  •••• aaaaa J 

■■•■■■■■••■•■•■■a** •••■•••••• I 

>•••■••■• ••■■• aaaar 1 

lllllfltl •■••■•■••• ••••■••■•• 

‘*a» »»••»»*»»»•»•»•»»»»»»•••» •••••••••• *■•••••••< 

a  w  -r  a  111'  •  aaaa  '  m*  ■  -w  -•  »r.  lIMtltMMMMlimilMII  ••■•>••••(.  . 

■  '  •  •■••!«  •  1.  ■••  «  ■•■  I  P  J  *  I  ■ 

>••.<••  II  aaa  ia  •  •  <  •  .  .  •■  •  i ••■••*••••••••«■••»••«••••••••••■»•  I 

•  P-  t|..lpl  lv.li.MM  •■•.•..•pi  •••■••••••  (■•■■■■•■•■•MB  ••••■••••*■■••■ 

!■■■•■''•■•  ••••••'••‘••••'••••I  ■  -  P#  *•••■■  •■■■■••■■«  •••••••••■  ••••■■■••• 

I  *  •  •••  •  •  •  ••  •  <•••  •  »  ••  ►-  ••■•■■•■■■•■■■•■••■••■■■I 

•  •I-.  I  >•  •  Ml  ■  >..»  •••.->  ir.  ■••■■■■■■■  ■•■■••■•••■•••I 


!■■ ■■■•U ■••■■•■■■••>•••■■••■ ■■•■••••••■■■■•••■•••■■••••■•• ••■■•■■•■■ ■■■■■•■■■■ •••■■•••■•■■■■■•■■•• ■••■■■«■•• ■••••»•■■■ 

>•■■■•■• (■■•■••■■••■■•■ ■■•■•■■■■■ «■••••■■•••■••■ ■•■••••■■»  »••■■■■■■■ •••■■••Ml  ••■■■■■■■••■■■■■••■( ■•■••••■«■  •■••■••■•*■ 

I  ••••••• ■■••••■■■•■•■■••■■■••■•••••■•■•■■•• ••••■••■••••■■■ ■■■•■■■•■• ••(■■••■•• ■•■■■■■••■ ■■■■■■••■■ ••■(•••••■•■iM(M>ll 

IM ••■•••■••■••••■••■■••••••••■■■«■■■■ •••••••••■••••• •■•■■ ■■■■■■■■•■ ■■•••••(•■•(■■•••••■ •■••■■■•••••••••■•■• ■■(•••••■■■ 

■•••■••••■•■•••■•■■■••••••■I •■■■■■■■•■ ■••••■•■■! ••■•••■■•■••■■•*■»•■ ■  •■•  - ■  ••••■-•»--•-■••-•••■-■*■■ «■••■••■•■■■■■■■••■•■ 

IP  I  ■  ••■• •■•■• ■■  I  -!■•• ■••••■•■■••■■ •••!••■■■■ I ■••■■■■■■'  •!•««. ••••■••»  •'■■■•  k<  I  •  »  «  ■••  i  *  !•■■■•• •■•(■•(••• I 

>••••■■■•■•••••  >1.  .!■ ••••••••■■•■••••■••■ ■ ■■■•■• ••■■■■■■  •  (.  ■■■■■■)  IP  >1  p  >  Ml  I  »  .  •  •  .  •«■■••■  ••■■••■••■  ■ 

!■■■•■  •■•■■••■••-••■-•■••■••■■■■••■■••  ■■■•■■■•■■  •■■•■■■•••  iM.|  .••■•  I  Bit.  ii.ll  Mt..(.<P<  •••Mpt-M 

I  ■••••»>■  P  •  ■  L  .  ••■•■•••••■I  (V  ■••■•■•••••■  J  •  ' • ■■•■■ ■•■••  ••■•■  ■■•■••■■•■  *••••  ■•■■■■••■■  ■•■•■  ■■••■  I 

I  ■■■•■•■■  •  I  .  •  ■  •>  <•■  ■■■••••••■  «  I  '-•••■•••■•••■  >1  B  I  I  ••■■■■••••(■•■••■■•■•■■■■•■••••  ■■■■■• - - * " " 

-•■■■••■  '  (.  •!  •■•■•■■••■■■1  p  II  •  •■•••••••••I  .  •  •  il  ••■•■■■■■■■••■•■■■■•>■•■••■•■•«  BMM> 

»••■■■■•»•*•■ -••«• -PB*« •““■• ■ ■■■•«■•••*■»■-- •■•>••••■■■■'•--'-'-'-«■• ■•■■•••II (•■■■■■••■ »■■■■■»•■■ •■••■I 

■•••■■•  •  ■••<■■■•»  ■«■•■•■■■••■■  i  ■  ii  (•  •■■•■■•■•■■■■  -  ••  '•-•■  ■■■•■■■■•■r - ..... 


■  ■■■■■■■••  •(■  •■■■■■■  ■■■•■  (■■•!  ••••■■■■••  •■■■! 
■•■■•••■• ••■••••■■P •■■■■•■■■ ■■■■■■■■■■(■•■■■ 


•■»••■••■•■ ••••■••••••••*••■■■••••■■•••■■■ 

• •■■■■■■■■■ aai ■■■•■■■ *••••••■■■ iaaaa  •■■■■■ 

■  ■(•■•••■•••••••••M«  ••■•■■■■■•  ••((••■•••  ■ 

IB ■■•••■■■•■ ■*••••■■■■ P 

IB •«•#• ■  #■■« •••••••••• 

•■••■•iiM •■•••(••!•••«!!!■•!! ••■«■••■■•••■•■ ■•••! •■■■■•■■•X ■!•!•■■■■•  | 

■  •■■•■■■  ■■••■■■■•■■■■■■■■  MMi  ■*••••■•••  ■■•■■■•••*■•••■•■■•■  ••■*•••■■■■ 

!".i,",i. •  •'■•■••■••■■■•••'.  •■■■•■■■■■••■•■■■.*••  *•■•  ■•■■•■■■■■* -*.'r  ■■■■■•■. * ■•  i.  **v' iitn  #r t  r  *7-3fS{::tiSss:itSi 

■•••••••■■  aaaaa  ■  ■  ■  ■  •  aaaaaaaaaa  aiBiiimi  •■•■■••■■■■■■••••■••  ■■■•• . •*(■••■•••  •■■■•■■•••*••••■•••■  ••■■••••«•  •••■•••••al 

•  ■••■•■■■■•■■■•■••■•■■•■■■••■■•■■■■•■■•a ■■■■■•■•••■••■«•••■■ ■■■••■■•■■ ■■■■••■■■■■■■••■••■•••■•••••■•■•■■■••■•■ §■••■■■•■■ iaaaa aaaaa  1 

■  •■■•••■■■••■•■■••■a ■■■■■■•■■a  •  ■■•■••■-••■■•■•■ -at  ?■■•■•■■■■ •■■■■•■■■■■•••••■■■■■■•••••■■• •••••••■■• {•■•••§■•••■••&■■■■• BifBBaaBBa  I 

■  .  'll  l.»P  ■••■•■■•  ,»■•••'.  ■»  I'.llll  I  ■■■■•■•■•■■■■• . >••■■■■■ ■••■••■■IB ■•{•■■■■•• •■••■••••■ •••■•■•■••••■■■■■■•■■ 

■  ■••••■■■a  !.•.!.■•■•  pMMIMM  Ihliai.l.i  l.k.lll.ll  •■■•■••••IMIII  ■■■■■  •••••••■■•  ■••••■■■■■■••••■•■•■  ■••■■■•■•■  ••■■••■■•••■•••■•••■  r 

•■■■■■■■■••••■■■■■■a •■■•••■•■■••■■•••■■•■■•■■•■■■■•••■> •■■■•■■aai ■■■■■•■■•■•■■■■■■■•••■■■■■■■••■■■■■■■■■•■•■•■ aaaaaaaaaa ■■•■••■■■■ 

I  ••■•■•■•■ •••■•■•■■■•■•••■••■»■ ■■■•■■•» -■«»--••■»■-•■■■-(■•»• -*■■■■•••■ ■■■••■■■•••••••■■••• ■■••■■•••■ ••■••••■■■•••••••••■ ■••••■•■•■  I 

■  ■■■■■•■■ a ■■■■■■■ a ■■■■■■■■■■>  ■  ■ ■■■  •■  ••  •  r  pi  •■••  p  •■>  ■  .  •■  ■■ a ■•■■• a •••■■■• aa a ■••■■■•■■■■■■■■■■■■■•■■■■■■• a ■••■■■••■■••■■■■■■••  I 

•■•••*•••■••••■■•••••■••■••••  mmmmm  a>  .a  a  .•<••■■  a  •  ■  ».  .a  a  ■•■■•■•■ >■■•■•■■■! ■■•■■■■••■•■■•■■■••«••■■•■■■«■•■■■■■•«•■ ■■•■■■«••■ j 

■  • aaaaaaaaaa aaiiaia . a  ill. . maa  • . i ia. ,l . »■ i a- . a . aaaaa  aaaia ■■••• ■■■•■■■■■• •••■■ ■■■•■ aaaaaaaaaa aaaaaaaaaa ■■•■•••■■■ •••■■•■■•• I 

■  aiaiaiaaa •■•■••■■■• ■••■••■•■■ a i ■■■ aaaii lai aa a  a ■ a ■ ■ • a a a i n a a aaa a a ■ ■ a • ■ aa > ai ■■ a a a  a a a ■ ■ a laaa la ai ■ a iaB ■ ■ ■ ■•■ ■■■■■ ■ ■■■■ ■•••■ ■•■•■■■■■■ L 

•  ■■■■■•••■■■••••■■•a  laaaaiiaai  •■•■•--•-*  p  aa  pi  ai  -a  •  *aai  •  >i»p^a»*p  *•■■■•■■■••■  aiaaa  aiamaaii  •■•■■■■••■•■•■■  ••••■  ■••■••■•••  ••■••■•■••  ■ 

.  . . .  ■••aaa  ■  •  .  ■••  -  ia •  .'••-p  ••  ••  ■ a a a ■ a a ■•■ laaa ■ ■■ ■■■■■ a aa laaaa ■•••• a ■■■■*■■■••■■■■•■•■• i«aaa ■■■•■  ■ 

I ••■■••••••  ••■■•••••■  •■•■■■■■■*.  Ii,aia..k.ia>ppiil.i.  ..ak.a.a..  •..■•■•••■  aaaaaaaaaa  •••■■•••■•■•■•■■■••■  . . 

. . aaaaaaaaaa nail ■!■■•■■■■■ aaa a  a ■•■■■■•■•a ■•■■■•■■■■ ■•■■••••■■ ■■■•• aaa aa laaia ■•••■■■■■■••••• •■••■•••■• #■■•■•■•■• ■■■■■■•••a| 

I::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ::::::: 


>■•■•• a  a aaaaaaaaaa hi 
>••••••■■■■•■•••■•■■■ 


■•■■•■••■a ■•■•■■■■• 


•••••■■••• «■••••■•■■ 


_ ’  iffaiitlllllfaiillll _ 

a  aaaaaaaaaa  ■•••■■•••■ Itaaaliiaa ••■■(••••••••■(•■•■■ ai 

■  ■■••••ana  iaa  ■■■  am  aaaaii  seal •■■■) aaaaa  laaai aaaii  ai 

-■■aaa  aaa  p aaaaa ••••••••••••■■>■■■•• laaaaaiaa a |i 


aaaaa  aaaii aaaaaaaaaa i 


aaaaa ••■- 


iaaaa •••■■ ■••■• a ■■■■•■■■•••■■»•••■• n 


.  . . •■•••■•■■••■■■•••■I 


IB ■■••■■•■•••■■•■I 


iaaaa  laaaaaMBi  laaaaaian  ■■••a  aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa  aaaaa  ■■■••■»••■■ 
iaaaa ■•■•■■■■■■ •■••■■■■■■ •■aaaaaaaaBaaaaaaaaaaaaaaaaaai laaaaaaafil aaa a a aaaaa  ■ 
iaaaa aaaaa aaaaa  aaaaaaaaaa ■■■■■••••■■•■••■••••■■■•■•■••■•■••■••■•i aaaaa aaaaa  I 
■iaai  aaaaaaaaaa  aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa  aaaaa aaaaa aaaaaaaaaa  ■ 
taiiiaaaaaiaiiiaBaaiaapiaalaaaiaai  aaaaaaaaaa  aaaaa  aaaaa  aaaaaaaaaa  imimiimI 
i aaa aaaaa aaaaa  aaaaaaaaaa  aaaaa aaaaa aaaaa aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa aaaaa  ■ 
>aaa  aaaaaaaaaa ■■■■■•■■•■ aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaa  aaaaa iaaaa iaaaa aaaaa  ■ 

- — . aaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaa iaaaa aaaaa aaaaa aaaaa  ■ 

aaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaa  ••■■••••••  •■■■(•••■•  aiannaiil 

■■pppp.ift  aaaaaaaaaaaaaaaaaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  ■ 

aa  .  iinii' - a  ■•■■laaiiiaiMiiilMliiiiiMliiiiiittliiiniiMiMl 

—  ••••••a....  ■••■•■■■  ■■  --■■■■■■■• aaaaa aaaBi aaaaa aaaai  aaaaaaaaaa  | 

■•■•••••an .>••■•■•... .  -  -  ••■■---  _  ■■<•■ aaaii ■■■■■(■■■■ ■■■■■■■■■■ ■ 

■aai laaaaiaaai •■•■■•... • aiaai  •  ..  ••••  .  ia*i aaaaaaaaaa aaaaiaaaii  ■ 

aaaa  anaaaaiaa  ■■■■■■■•■■  naia  .. ,•  aa  ■»•  -  '  Miai  aaaaa aaaar - 


'  aaaaa aaaa* aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa aaaaa ■•■■■ aaaaaaaaaa aaaaaaaaaa 
i  aaaaa aaaaa aaaaa ■••■■■••••■■■■•■■•••■■■■■•■■•■ JJJJJ JSSaa KaaaaSaa! aaaaa a aaa! 


• aaaaaaaaaa 


•■•••aaaaa aaaaaaaaaa a 
>  aaaaaaaaaa •■•■• ■•••■ ■ 


ia  a  ••■■•••■■■  aaaaa  Mai 


•  aaa aaaaa  aaaaaaaaaa  aaaaa ai 


iaaaa laaaaaaaai 


aaaaa •■■■■•■■■■ aaai 


■aaaaaaaaaa ■■ aaaaa I 

■  ••■aaaa  aaaaaaaaaa ■ 

■■■aaaaa  aaaaaaaaaa  ■ 


ijaaaa iaaaa 


- ■••••••• . .  aaaaaaaaaa  aaaaaaaaaa  •••■•MMI  iiitiillli  ai - 

_ >■»• aaaaaaaaaa laaaiaaal* ■■■••■■••••••■•■■•■• ■••■■•••at lliaaiaaai aaaaa aaaa* ■■■•• aaaaa iaaaa  , _ 

M  aaa  aaaaa  aaaaa  ■■•■■•■•■«•■■■■••■••  •••■■■•■••  aaaaaaaaaa  aaaaaaaaaa  aaaaa  ■■■■■  him  »■■•  (•■••  MHl  aiaaaaaai 

aaa  •■■§••••••••■•■■■••*  aaaaaaaaaa  aaaaaaaaaa  mmiimm  aaaaa  aaaaa  aaaia  aaaaa  aaaaa  aafeaa  aaaaa  aaaaa  afiaaiaaaaafaai 

•  a aaa aaaa a aaaaa aaaaa aaaaa aaaaa aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa aaaaaaaaaa  aaaaaaaaaa  aaaaa aaaaa aMBiafcaaa ibaai 


iaaaa  • 

i  • •• i a 


•  Ml  •■••■••■■••■•■■■■••<• 


•  ■•■••• . . 


a  aaaaa  aaaaa aaaaa 
a  aaaaa  aaaaa iaai a 
■iilltiiaii aaaaa 

■  ia  aaaaa 

aaa aaaaa 


_  _  _  _  _  -•■-•■•■#•■•■' ••  ••■■••■••■  aaai 

aaaa aa aaa aaaaa aaa ■■  i  a aa aaaaa • •■■••■ i  !■■■■••  ....  •  ••  ■  ..aa  - air 

aaaaiiaaaaaaamaaaa  -■■■■■•••■■•••■■•••••••»••■••_.-■■■■■• - -  -• 

> aaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaa aaaa  ■■ ia  -• 

aaaaa aaaaaaaaaa aaaaa aaaaa  a aaaa aaaa a aaaaa  aaaaa  aaaaaaaaaa  aaaaa  aaaaa aaaaa aa..>fat.  .  . 

-  - a  aaaa  aaaaiaaaii  iaaaa  aaia  •  aaaaiaaaaiaiiaiiiaaaaanaaaiaa  iaaaa  aaaaa  aaaaaiaaia  .  ■■■■•■•■  imil 

- •■■■■  •  a  •  ■  ■  •  am  ■■  •  •  a  iaaaa  ■  aaa  a  mu  ••■■■  ■•••••■  ■■  a  ••••••■■■•  •••  ■  in  an  iaa  ai  iaan  iiaaaiaaii  ••aaiaaBai  I  I  «••■•••  iiaiai 

aaaa  aaaaa  mmmmii  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  aaaaa  aaaaa  ••■  a  •••■••  ■•■••■•■■■  aaaaa  ■■■■■  aaaaa  ■■■■>  •*  wa  aaaaa  I  a  aaa 
'■aaa  aaaaa laaaaaaaai aaaaaaaaaa  aaaaaaaaaa •••■■•■■■• aaaaaaaaaa  aaaaaaaaaa aaaaaaaaaa  aaaaaaaaaa aaaaa aaaaa aaaaa aaaaa aaaaaaaaaa  aiaai 

aaaa aaaaa •••■■•■■•• anailiiaaaiaiai iaaaa •■•■■•■••• aaaaa aaaaa ■••■■•■■■ a ■■■■■ iaaaa •■■aiiaaai •■■■■ aaaaa aaaar — - 

aiaaaaaaaiaaaiaaaaa  aUMI  iaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa  aaia  a  . aaai . I  tana  aaaaa  aaaaaaaaal 

aaaa aaaaa aaaaa aaaaa aaiTaaaaa a •■•••aaaaa  aaaaaaaaaa •■■••■■■•a  aaaaaaaaaa aaaaaaaaaa •■•■■•■■■■ •■■•■■■■■! aaaaa iaa«l 
- - - - -“Min . a . a . mum . iaaaaaaaaa  aaaaaaaaaa  aaaaaaaaal 


aaaaa 

■aaa  aaai 

ffiaiiaa 


. in 


- jaaaa aaaai aaaaiaaaii aaaiaiaaaa aaaaaaaaaa ••■•■•■•■•■■■•■•■•■■•■■••■■•■■•■■■■ aaaaa aaaaaaaaaa ■••■••■■•■ aaaaaaaaal  . .  laaaaaSi 

•  ••aa  ■•••■•■■••  »•••••■•••»■••■““*“ - - - - - - - - i - 1-. - 

- - --aaa  aaaaaaaaaa  . . . 

•aaaa  aaaaaaaaaa ••••• 

•  •■aaaa  tai ia aaaaa iaaaiaaaa; a  It  Hi  aaaaa aaaaaaaaaa a aaaa aaai a aaaai aaaaa aaaaa laiaa aaaaa 

•a aaaaa •■••••■■••■•■■••■•■• aalwiaaaaa ■■•••■•■•• iaaaa aaaaa ••■ •• aaaaa •■■■■ aaaaa iaaaa - 

•  •••■•a  ■•■•••••■i  aaaai  laiai  anaa  aaaaa  ■■■•■  ■••■■  a  ■  a  ai  aaaai  •■■■■  •■••••••■■•■•••  •■■■■■■■■■  ■••••• - - 

•  ••It  •••»  aaaaa  aaiaa  itiiiiaail  aaaai  aaaa*»aiaiaiiai  aaaaa  aiaaa  •••am  •»«  aaaaa  a  aaa  a  aaaaa  •■•«■•••■•  ••••■  mmmmm  laaniMai  MMi 

>  aaaaa i aa- . aaaaaaaaaa •••••••••••••••••••< aaaaaaaaaa  aaaaaaaaaa . . aaaaaaaaaaaaaaaaaaaa •■■••aaaar  ~  -  - 

_  ••••■aaaai aaaaa aaaii aaaaa aaaaa aaaaa iaiaa aaaaiaaaaa aaaaaaaaaa  aai ■•••{•• aaa aaaaaaa iaaaaaaaaa •■■■■•■•••••■■••■■•<_ 

■a aaaaa aaaaa aaaaaaaaaa aiaaa aaaaa aaaaa aaiaa aaiaiaaaaa aiaaa aaaai aaaaa aaaaa •■•■••■■■• aaaaaaaaaa iaaaaaaaaa aaaaaaaaaa 

- _x - 1 — - .it - - - — — - — - - - - aai  ••■■■■■  ■■•■■iaa 

- - >■  aaaaa  aaaaa  iaaaa  aaaaaaaaaa  ■•••■  aaui  aaaai 

aaa aaaaa aaaa a aaaaa  aaaaaaaaaa ■••••••••• aaaaaaaaaa !■■■• aaaai •••■ a aaaar - - - 

- aaaaa •■■■•■■■•• iaaaaaaaaa ■•••■•• baa  aaaaa aaiaa iaaaa aiaai aaaaa aar~ 

- iaaa aaaaa aaaaaaaaaa ■■■■•••■■■ aaaa a ■■■■•• aaa •■■■■• aaaaa aai 

!§•;••••• •■■■■■•)•• •■••••■•■■ aaaaaaaaaf aaaaaaaaaa •••< - 


■ 


•aaaaaaaaal aa ■•• aaaaa aaaaa aaaaa aiaai aaaaa aai 
•  •••■•  aaaaa  •■■••■••&■  mmImmi  aiaaa  aaaai  aii 
a  aaaaa  a#  it ■■•••■••■■ aabaaaaaai aaia a aaaai aai 
■  •■■•■•  _ai_  a  aaaai-pfaa  aaaaa  ••#•■••••■  jiaiiaai 


!■•■•  aaaa  a  aaaai 

ilaaaaaagaMaai 

t:::: 

l aaaa a a ■■■■■■•■ aaaaa aaa aaaaaaa a aaai 

- *  •atiiaiaaitaaiiiaMiiatamaai 

EKHs&SB:: 

•aai iaaaaaaaaa 

,c^i#iirx“s- - 1 


■■aaaaaaa 

aaaa  aaaaa 


a  •■< 

•  iai 


•••• aaaaaaaaaa ■•••••■■•• . aaaaa •■••••■■•••••••••■■• ■•••••••■• 

'■■■■ aaaaaaaaal aaaaa  aaai a  aaaaa •••• a  aaaaaaaaaa  aaaaiaaaaa  aaaaaaaaaa 

_ _ '•■• a aaaaa Mala ■•■••••aai ••••aaaaii •••••••■•• aaaaa aaaaa  aaaaaaaaaa •■■■■•■■•• aaaaaaaaaa ••••(••■••••••■laaai aaaaa i 

•a  aaaaaaaaaa  aaaa a aaiaa •■••••■••••■■■•■■•■• •••••••■•■••■•••■■•■•••••■•■•• aaaaaaaaaa  aaaaaaaaaa •(•■••■■•laaaaiiaaal ■■■aaiiaaiiaaiai 

•  ■  «•••••••••• -i-r  *i»at  aaaa  a  aaa- ---i-iaa-ai  ■■•  »* -•••«••■  •••••(•aaaa  aaaaa  ••••'•••»iair-ta>r  -»»  ••--•■  •>••••  •■■atfiiiiSfeiM|i 

aa  aaaaiaaaiai  a  ■  ■  a  1  iaai  ••  a  n  aa  .  t  >  ai  ••  •*  »  •  i  >a  a  ■  a  ■  iaaaa  .  «  a  •  ••  iaiaa  .  jaaa  a.  <  iaai  aaaa  ■  .  in  a  ,  .a-  aaai  aaiaa  aaaaa  iaaaai 
■  a  aaaaa  aaaai  MmIiiii  -.an.  aaaaa  a.  a  J»  ala.  a  latiiit  a  ailwii.  •- -aa  •-••■  aaaaa  iaaaa  laaa.  aaaai  aai.  a  aaaaa  Ba.aa  aaaaa  aaaaff  ■•*■  aaaaa 

_ aa  •■■■■•■■■■••■■■■■■■■ aiaaa aaaai iaaaa aaaaa aaaaa ■■•■•■■■■■ aaaaa •■■■■■■■•■ aaaaa aaiai aaaaa iaaaa iaaaa aaaaa ■■■■••■*•••( iafiliaai Hiai 

•  a  aaaaa aaaai aaaaaaaaaaaaaaaaaaaa aaaaaaaaaa •••••••aai aaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa laaaaa aaaa iaaaa iaaaa ••■■■■■■•• aviaaaaaf* ■#••■■•••• fMMi 

-  •  aaa  iaa  aaaa  aaiaa  aaaaa  aaia*  if  aaa  •■••■•••■•  aaaaaaaaaa  ••••••••■••■••••■••••••■••••■■  aaaaa  iaa  a  a  aaaaa  iaaaa  ••*■#•■•••  aaaaa  aaaSa  MMi  ifiiaikfai 

•  a aaaai  ••• aaaaaaaaaaaaaaaiiaaa aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa •••••••••• aaaaaaaaaa  aaaaaaaaaa  aaaaa aaaaa  aaaaa  aaaaa •••■•! 


■••••••ii aaaaa  i 


•  a-  iaaaa aaaaa  ■>  •-- iaaaa aaaaa aaiaa aaaaa aaiaa ••••• aaaaaaaaaa aaiaa a aaai 
•a.  ••  ■••••  ■•••■  .  .111  aaaaa  mmi  iaaaa  aaaaa  aiaaa  aaiaa  aaaaaaif  aaaaaaa  aaaaa 


•  aaaaa  aaaaa 


•aaai aaaai aaaaa ■••■•••••• iaai 

■iiiaMaiaiiaiffaaiiiiaiaiaii 
aaaai  MiiiiniitiiiiiiiM  mi 


i  i aaaaaaa* S 


•  ••aaaa  aaaaaaaaaa  ••••■■Bill  •••••■•■••  ■••••■•••I immiMii  IIM 

••••■•a •••••••••• ■#•••••••••••••••••• •••••••••• if iff aaaai IfeM 

(■ aaaaa iaaaa  aaaaa  Haaa  aaiaa  aaaaa  aaaaa  aaiaa*ai*«  aiiif aaaaa (tat 
[••aaaa iaaaaaaaaa •••••iiaBi aaaaaaaaaa aisaa aaaa* faiaifaaf aiiff 

[•••■■■  MiiiiiiiiMiiiiiaii  mmi  !•■■■  aaaai  aaaaa  iaaaaaaaaa  Mil 


•  •■•••••■•••••iaai  .  ii  i. 

•  •••••••• ••••••■•■  ii  aaaai 

•  ••••••ia aaaaa aaai  •  ■  aaaai 


lain  aaaaaaaaal  iaaaa  aaaai  iaaaa •■••■  ■••■■  mmi laMiiaaat  •••••••■■i  aaaa ••*••■  •••■■•■•••  aaaaaaaaal  laaaaaaaaaaaaaaaaaaaaaaaaaMaaaaaaaaMaaaaaaaaMaaBaaM 

■  ■•aa ••••••■■•■ aaaaaaaaaa  aaaaa •?■■»  aaaaa aaaaa •■•••••••• laaai iMai aaaaa aaaaa •••••••••• aaaaaaaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa iaaaa aaaaa  aaaaa aaa»i 

•aaaa  ■■•■••••■■  •■•••••■•■  iaiaa  lifia  Bf  aaa  aaaii  ••••?  af»aa  aaiiaaMia  ••••■  aaiaa  aaaai  •■■■•■•■■•  •■■•§  a  aaaa  aaaaa  a  aaaa  ■  aaaa  aaaaa  MaiaHaai  if  aMiffa(|MM 

■aiMiiiiii'  -■  iaaaa  aiaaa  aaaaaaaaaa  ♦*»»•  -aaaa  hi»m*<*i  ■-»-*  ••>(»  *i«»«ii»iiHM*»M*»  ••(•trp»im  —  »a^aa  tt-«iiiiiiiii-iM**>  iiiai 

:  r  1  m:iss!  iss: *f  s:::: :  ?  Vi*  css:  u: 


'••a  aaaaa  iMiiiaMi  •••••■■••■  aaaaa 

miMiai  iaaaa  iaaaa  a  aaia  aiaai  aaiaa 

•MiiiMiMiai— - — - - 

•  •••••■•I  MMI 


-■•■••iiatiiiMMii..  >p  •  ■  iiaiiiiaMi  iaaaaaaaaa  ••••••nil  aaaaaaaaaa  •■■••••■■■  iMaiMiat  ■■••■  ' -■••  aiaaa  ■■■•■  aaaaa  MiiiiaiM  a  ana  nail  aaaaa  aaaa*  aaaaa  aaaaa  aaaaa 


_ _ 


aiaaBaaaaa  ■ 


■•IIIBlI 

■  iimmi  ■ 

Iaaaa ••■■■  I 

^■■MiaiBBlI 

•mii**mmmI 

^^MMMMlI 
(•■•••••■ 


in 


I ■  ■■.. * .... a ...... ... ■ ■ .......aa. •  ••• ••••••••• i «••■  ■  ,■■•  f  ■  •■■■••■■■•••■  aa.  a  a  ■••*.  a.aaa  *Bakaaaaill  a  aaaa  aaaa.  aa> 

■  ■■•■aiiitoiaxaMiMaiiaiUflMUKtMMMifOMlMt  »'-  a  »«*«  l  aaaaaaaaailaaaataaaiaaaaaaaaiiaaaaiafal a|«i aii« aai 

aaaaaaaaiaaaaiaaaaaaaaauaiiaaiaataiaMIHMilaaailiiiiia  Mia»  a  aatiaiiaiaaaaiaaaaaaaaaiaaaaiaaiHiauiiiiiiatiaaiiL,.,. 

aaiaa  a  aaaaaaaaaaaaai  a  aiaaaiaaaaaMa  ailH  ••#•••■•••  iiiai  Ik.  a*  a  a.  aa  ■• •■■■•«■ a aaaaa •••!  a  aaaaaa . aaaaaaaa . .  a ■■••••••!  iaaiaij 

alaat  aaaaaaaaaa  ataaiaaaaa  laaaaaaaaaaatfiliaaaa  aaaaaiaiaa . . . .  aa  aaaaaaaa  aaaaaaaaaa  aaanalaaa  naiaiaaaa  Miilii 


a  ■  aaaa  ■■.*■■■■■  aa  *»  *  aaa  at-  *  <  ■  -a  a  .  a  a  aa  a  •  ■  •  ■ 
aaaaalaaaaai-kaaikiM.aaaaaiaiaaataa  aa  aaa.  a  aaa  aaa  a  a 

*  a  ■  aaaar  a  **  ;  a  aaanra  a#  aaaa~  'aa  i  »r  aaa'  'a  ‘  aaai' 

•  •  ■»  .  aaaa  *  a  ■■  *  1*  >aa!  *•  '•  *  '■■!"  'll  i  ail  "  ■*  i.a* 

.  _  .......  _ .  aaaaa  .aaaa  aaaa.  aaaaa aaaa.  aaaaa a.a.a  aaaaa aaaa.  aaaa. 

i  aaaaaaaaaa  aaaaaaaaaa aaaaaaaaaa aaaaaaaa a a  aaaaaaaaaa  aaaa aaa aaa aaaaaaaaaa ■•■■■ aaaaaaaaaa 

..... - - a ■■■■■ aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa 

aaaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaa* 
aaaaaa  aaaaaaaaaa  aaaaa aaaaa aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa aaaaa aaaaa 
aaaaaa aaaaaaaaaa  aaaaa aaiaa aaaaa a aaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa aaaaa aaaaa 
:•  aaaa  a  aaaaa  aaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  a»ii***““  —  - 


r  *  %rr  1 aaaaa •■••aaaaaa aaaaaaaaaa aaaaaaaaaa  ■ 

•  ». -  a  aaaaaa  a aaaa a aaa i Ia«*aaaaaa aaaaaaaaaa  ■ 

•  -  I  H  a  a ■ aaaa  aaaaaaaaaa  aaaaaaaaaa aaaaa a a ««•  I 


•'  "in  a  aaaaa  aaaaa  aaaaa  aaaaa  ai 
.a.a aaaaaaaaaa aaaaa aaai| aaaaa ai 
aaaaaaaaaa  aaaaa m 

v  •>  .  aaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 

*■  i  art  i  a  aaa  aaaa*  aaaaa  aaaaa  aaafii  iiaaiaaaaa 
•  -  -  -----  •(•(aiaaanaaaiaaaaa 

aaaaa  aaaaa  aaaaa r---- 


la  ***  it «  «*»  ■ 

^■MMMIMIMIIIIMiiBaiHaHai  ■ 

aaaa  aaaaa  aaaaa  aaaaaiaiaa aaaaa aaaaa  aaaaaaaaaa ■ 
aaaa aaaaaaaaaa aaaaaaaaaa aaaaa aaaaa aaaaaaaaaa  I 


liaaaaaaa aaaaaaaaaa aaaaa ai 


a  aa-aa aaaaa  aaaaaaaaaa ■•■■■■a) 


aaaaa  aaaaa  mu 


•  •  ■  •.  aaaaaaaaaa  aaaaa aar  ai  .4  -  . 

ai  .  a  aa  aaaaaaaaaa  aaMah  a<  .a.  -a  aaaaaaaa 


•aaaa ••••• aaaaa aa 

|  aaaaaaaaaa  aaaaa  aai -  - - 

■  iaaaaaaaaa aaaaa aaaai  •> aa  .  a-  aaaaaaaaaaaaai 

liiMHiaiiiMiaiMM  .  .  .  .aaaaaaaaaaaaai - - - —  — _ _ _ _ ...... 

I  a a aaaaaaaa aaaaaaaaaa  aaaaa  aaaaa  aaaaa aaaaa aaaaaaaaaa  aaaaa aaaaa aaaaa aaaaa  aaaaaaaaaa  aaaaa  1 

■  aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa  aaaaaaaaaa aaaaiaaaaa aaaaaaaaaa aaaai - 

laaaaSaaSaa aaaaa 

*iaaa aaaaa aaaaa 


aaaaaaa  .1  11  .  iiaiaaa  aaaiaaiMi  a  1.  a.  .aaaa  aaaaaaaa 

aaaaa  ra-iar  -  t- --  -aa  -  a- *aa  aaaaaaaaaa  tri  aaaa  aaaaaaaa' 

■••aa  i  >•■  n  n  11  •  n  *•«•••••••••«•<  *1  mat  aaaaaaaa  -  .  .  - - — 

aaaaa  .  »a  >*•  ••  11  •  ,  •  .  --■•••■•••■••<  *  1  .  <•  aaaaa  aaaaaaaa  -  •  »  -«  ••  aaaaaa 

aaaaa  a. ..a. a. .a ■«.«.■.. a* aaaaaaaaaa .a aaa aaaaa aaaaa aaaa a .a.aa aaaaa 

>aa  iSaH aaaaa 

.a  .aaaaa  aaaaaa. _ _ ... _ _ _ _ _ 

- Bsaaa aaaaa aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa aaaaa aaaaa aaaa a  aaaaa  1 


•  .  via  ■■  .  <  1  .  ■  ■  ■«■*> 

1a  naa.«.«i  m..  a.  a -a  ik.il  ..ail  aaaaa  aaaaaaaaaa  ■ 

a aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  Maataiaa* aaaaaaaaaa  ■ 
a aaaaaaaaaa aaaaa aaaai aaaaiaaaaa aaaaaaaaaa aaaaaaaaaa  ■ 


..aaaaa  aai  ai  .a 
ia  aaaar - -  — 


’  Sii  aaaiaaaaaSa  i 


MMMMinN  ifSaaTaaaajaaaTiaiiT 

::1  :::::  ::»:r:k  Iru  ::::: 


aaaaaaa  ■ 
1  aaaaaaa ■ 


•  aaaaa aaaa. 1- » 1  a. aaa  aaaaa aaaai <a.a. aaaa 

- - ia aaaaa ■■■■■aaaaa  aaaaaaaaaa aaaaa aaaa 

iiaaaaa  aaaaaaaaaa  aaaaaaaaaa aaaaa aaaai - - 

a  aaaaa aaaaaaaaaa  aaaaaaaaaa aaaaaaaaaa aaaaa aaaaa  aaaa 


aaaaa  iMai'a  -  •'•■'*■■■■■■  aBaaitiaai  ■  'aaaa  aaaaaaaaaa  a'  ini'  aaaaa 

aaaaa  aaaaa  11  •  •  •  iaaaaaaaa2aaa«i  aai  taaa  tiaaaaaaaat,  -  n  ■'  aaaaa 

•aaaaaaaaa  n  -  ■  .  •  iaaaaaaaaaaaa«a  aaa  •  lantaaaaiaaui'  .a  •■.aaaaa--. 

■aaaa aaaaa. a. a. ■>.•■ aaaaa aaaaa aaaai .a* a a. aaaa aaaa a aaaaa a.aa a aaa aaaaaa. 

- >•■■•■■■■■  aaaaaaaaaa  aaaa  a  aaaaa  aaaa  a  aaaaa  aaaaaaaaaa  aaaaa 


taaaa  aaaaa  ai 
laaaa aaaaa  aial 


taa aaaaa aaaaa aaaaa ••••••••■•  i 


aaaaaa  aaaaaaaaaa  aaaaaaaaaa irr • 


aaaaa  •■•iiihh  aaaaaaaBaa  aaaaaaaaaa  ■••••••■••  ••••••■■■•  aaaaaaaaaa  aaaaa 

aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaai aaaaaaaaaa aaaaaaaaaa  aaaaa a aaai aaaia 
'•••••■■•«  aaaaa -a ■■-•ai'aiaBaaaaa aaaaaaaaaa aaaaaaaaai aaaaa 

a 'a  -.f^aaaaai  1  aaaaa  '■  a.  •  -aa#  •  >  aaiaaaaaa  ■•aaaaaaaa aaaaaaaaaa  aaaaa 

»•*•  1  laaaaaa  ■»•••'■  •'  .  aaaaaaaaa aai. a •••■• aaaaa ■ aaaa aaaaa 


aaaai aaaaaaaaaa  aaai 


..... _ _ _ _ _ _ aaa  aaaaa  aaaaa  aaaaaaaaaa  ii 

laaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa a, 


-  'aaa  aaaaa  aaaaa  aaaaaaaaaa  aaaa 


■aaaaaa 

a - ----- 

■  aai  1 ■  a  aaaaaaaa aaaaa 

■  ■■'  •  *  a  aaaaaaaa  aaaaa 

I'iiiaaaaiai aaiaa  aiiaa aaaaa  iaaaaaaaaa  1** 

■aaaa aaaaa aaa a* aaaaa* -r -a n»'iii*«" 

--»aaaa  aaaaa  aaa.  •  aaaaaa  .«  •••  ■••at-iai 
laaaa  aaaaaaaa" '  laMi'  ■  lid  1 

Jaaaa  aaaaa  aaaai aaaaa aaaaaaaaa. ■■<«•<>■•• •■aaaaaaaa  aaaaaaaaaa  aaai. 
aaaaa •••••■■■•■ aaaaa aaaaa aaaaa aaaaa  aaaaaaaaaa  aaaaaaaaaa aaaaaaaaaa aaaaa l. 

- 1BBB  aaaai  aaaa  aaaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  ai 

laaaiaaaa  aaaaiaaaaa aaaaaaaaaa  aaaaa  aaaaa  aaaaa  ai 


a-'-T»faaa  •Mar-w|'frr 

.  -  ■•■••11  •  aaaaa  »  1  I  ■  .1. - 

1  <■■■■  •  1  1  1  .  aaaa 

■al«l.iil«l>ia ..!••>•<>. ..a^. aaaaa 

••■a  aaaaaaaaaa aaiai aSaaa aaaaa 
aaaa  aaaaaaaaaa aaaaa aai 
■  aaa  aaaaaaaaaa laaaa iai 

iaai aaaaaaaaaa aaaaaaai 


Iaaa  aaaaaaaaa. ■ 
Him  iaaaaaaaaa  I 
aaaaa ••••• aattiJ 

aaaaaaa aaa  mm 


•■■•■■aaaaaaaaaa..  1 
'••aaaaaaaa •■■■■ ■  a.  t._  .. 
■  ■■■■•■■■■(  aiiaaij.  a--  .■  • 

■ ■■■aiiiaaiaaaaia  •  *■ <••• 


iii.i.  -•«»  ia3KBssB«i«aaaiaaaaaHH 
■  ■■■a aaaaa  iaaaaaaaaa ■■••■■•■•iiai* 
-  ••■■■•aaai  iaaaaaaaaa aaaaaaaaaa aaaa 
■ aaaaa aaaaa iaaaaaaaaa aaaaaaaaaa aaaa 

S^hmi  aaaaa  aaaaa  aaaaa  ■■■•••Ma 

_ ■•••■■■•;;  aaiaa  aaaaa  aaaa 

I  nrmsiai  •••aii«3iiiaiiiaaaaaaSaa 

aaaaa  aaa22  aaaaaaaaa 


11 ■■■■■■•■ii iiaaiiaaii iiiiiii 


a  •  •  aaaaaaaaaa 

•■••■aaa ■••■••■••■••■•••■■■■•■•■■ 


■  111 ...aa  aaaaa  aaaaa .aaaa aaaaa  aaaaaaaaa.  a 
Iaaaaaaaaa aaaaaaaaaa  aaaaaaaaaa aaaaaaaaaa ■ 

Iaaaaaaaaa ••■•• aaaaa •••••••••■■•••■■■■■■  ■ 

laaaa  aaaaa  aaaaaaaaaa ■■•*•••■■■■•■■•■•■••■ 
aaaaaaaaa  aaaaaaaaaa  aaa3aaaa;a aaaaaaaaaa ■ 
laaaa  aaaaa  aaaaaiaaaa  ■■■»•■••■■  aaaaaaaaaa  ■ 
Iaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa •••••■■■•■ ■ 

laaaa aaaaa iiaaiaaaaa iiiai aaaa. aaaaa aaaaa  ■ 
laaaa aaaaa aa ■••aaiii •••••••■•■ •■•■••«••■  ■ 

laaaa  aaaaa  aiaaa  aaaaa  aaaaaiaaaa  ■•»•>•••■  ■ 
mSTl.aaaa.aaa  aaaaaaaaaa  aaaaaaaaaa  aaaaiaaaaa  ■ 
•aaa ■•••■■•••• aaaaa aaaaa aaaaaaaaaa aaaaaaaaaa  ■ 

aaaa aaaaaaaaaa aaaaa aaaai aaaaa aaaia aaaaa •■•••■ 
aaaa  aaaaaaaaaa  a a ii a aaaaa aaiaa  aaaaa  aiaaa  aaaai I 
aaaa aaaaaaaaaa iaaaaaaaaa aaiii iaaaa aaaaaaaaaa [ 


■aaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa aaaaaaaaaa laaiaaaaaa aaaia ■■■■■■■■•■■■■■■ ■■■■■■■■■■ ia aaa aaaaa aaaaaiaaaa aaaaa aaaai 
■•aaaa  aaaaaaaaaa ■■•■•■■■•■ aaaaaaaaaa  aaaaaaaaaa  aaaaa a aaaa aaaaa aaaaa aaaaa aaaaa  aaaaaaaaaa  aaaaa aaaaa aaaaaaaaaa aaaaaaaaaa I 
aaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaa  aaiaa  ■■■■••■■•■  aaaaaaaaaa  BssaBaBaaB  aaaaa  BaaaaMaaMMMaaMMMMMMHMaaaaaaMaaaaaaaaai 
aaaaa aaaai aiaaa aaaaa aaaaa laaaa aaaaa aaaaaaaaaa aaaaa aaaaa  aaaaa aiaaa aaaaa ai 

•  aaaa laaaa aaaaa  aaaaa aaaaa ••••■••■■■ aiaiaaiaai aaaaa aaaaa aaaaaaaaaa aaaaa ai 

aaaaa laaiaaaaaa aaaaaaaaaa aaaaiaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaa aaai aaaaaa 


■  laaaa naaa aaaaa a  a  1  a  aaaaaaaaa  •  a..  aaaaa aaaaa aiaaa aaaaa aaaaaaaaaa aaaaaaaaaa aiaaa aaaaa laaai aana aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaa ■' 

■aaaaaaaaai laaaa 1 .aaiiaav.  .aai laaaa.. aai liaaa fiaaaa aaaai ii aai ■■■•■ aaaai iaaaa laaai ■■■■• ■■■■••■•■•••■•••■■•■■■■••••■■••■••• aaaia aaiaa aaiaa ai 
| ■■■■■■■■■•■■■■■ ■  •« • ••  r 1  '■■••■■•■••■■••■•aaianaiiaiaaiiaiaai  .. »••■■■■•  -•■■•■■■■■•■••■laiiiaBaaaaaaaiiaaaBaaaiaiaaaaiiiiaaaiiBii 


■  ••••••••I  mailt . . 


■  ■■aaii  <  ■■  i<«  aaa  a.  aaaaaaai  laaiaaaaaa  ■••••••mi  ■••••■■aia  ••• - aa. 

■  iaaaia _ aiaaa.  ..aaa ■■■■•■aaii  •■•■•■■■■■ ■■••• iiaii •■■••■■■■■ aaaai •■■• 


■  aaai imii  laaii aaaaa 


■  ■■■mill  laaaa ••••! •aaaiiiiia 
- 'in  ■•■■■ aaaaaaaaaa aaaaa 


l•■■■•■aa• ••■■•■■•■• laaaa _ i 


l•••aaaf  . . 

_ .... _ _  _ _  _ _  ---------  Jfaimi  aaiai  Ii  ill  iiiliiajai 

■  am  ■■•■■  •••■■■■■i«  •••■■iiiai  laiiiaiiaa  •■■••  ■••■•  •■■■•. ..at  11 ..  ■  ■>  __  .  .  taaa  aaaaaaaaaa  aaiai  aaaia  aaaai  aaaaa  aaaaa  aaaai 

•  ■•■•■■■aa •■••■•■ ■ aianii ••■••• ■• ■ ■iiiiii alia •■■■•■■■•• •■■■■■■■■■  -•  niaaiaii ■•■•■ laaai Kiaai aaaaa . . 

■aaaaaaaaa ■•■■■■■■■■•••■■■■■■■•■••••■■•■ laaai aaaaa iaaaaaaaaa ■■••• iiaai aaaaaaaaaa iaaaa aaaai iaaaaaaaaa aaaBa a aaaa 


■•■■•••■•i ••■■•■■■■■ aaaaaaai 
<••• aaaaa aiaaa  aar - 


_ -  - 1  aaaaa  aaaaaaaaaa  ■•■■•i 

•■■■« ■■■■■■■■■■ ■■■••iaaaa iaaaaaaaaa iaiaai 
■aaai ■■■■■•■■■■ aaaia aaaai ■••■■■■■•■ ■•■■■■ 

- iaaaaaaaaa •■■■• aaaaa ai - 


•aaaaaaaaa ■•■■■•■■■■•■•. 


■aaaaaaa.; aaaaaaaaa. 


iaaaaaaaaa ■■•■■■■■■■ iaaaaaaaaa •■•■■■■■•• iaaaa aaaai  ••••■■■•■•••■•••■ 

•i'ffl-«'rl,'H»ii»-*-ftr--f-i-i  imr  "•••■•aaaia - 


•aaaaaaaaai I 
•aaaaaaaaai I 


•  ••••••■• ■•■•■■•■•• •■••■■•■•. .aaaa 1 

_ aaaaaaa  iaaaa aaaaa aaaaa aaaaa  aaaaa 1 

•  aaaaaaaaa  iaaaa aaaaa aaaaaaaaaa  aaaaa  1 

•  aaaa a- aaa  iaaaaaaaaa  aaaaaaaaaa ■•••11 

•  aaaa'  ■»•  ■••*••••■•••••••■«•• aiaiai 


n  aaaa  .imiiiii.  •••■■■■••a  aaaaaaaaaa  aaaaaaaaaa  ■ 
•■■■•aaaaaaaaai ■•■••aaiii aiaia aaaai •■••••••■■  ■ 

1  aaaaa ■•■■■ aaaaa  aaaaa  aaaai iiaaa  aaaaa  aaaai aaaai ■ 
1  aaaaa  aiaaa ■•■■■ aaaaaaaaai aaaaa aaiaa ••■■■•■■■■ ■ 
1 aaaaa  aaaaaaaaaa  aaaaa aaaaa iaaaa aaaia aaa a a aaaa a  ■ 


. -.aaaaaaa.aaa  ••••••aaaaaaaaaaaiaaaaaaiaaaiaiaaaaaaaai aaaaai 


laJSaaaa •!•■ 


•  •••••aaaaaaaaa  n 


••aaaaaaai aaaaa ai 


.  . .* ••••• ••aai >•■•■■•■•■■■■■•■■■•■■■•• 

1  •- a  a  1  a  aa  •  ■  1  aa  1  laaaaaaaai  aaaaaaaaai  aaaa 

<  -•••■••''•■■ laaaaaaiaaaaafliaaiiaaac 

■  •••a ••■••;  ■••  ••••aaaaaaaaaafaaiiaaaai 


aaaaa aaaaa aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa  aaaaa aaaaa ■ aaaa •••••• a aaa aaaai 

•aaaa aaaaaaaaaa ••■•■■••■■ ■■• a i ■••■■•■■ aaaaaaa aaa ■■■■{■■•■•■■■■•■■ aaaai 
aaaaa •••iiaaaaa •■■■•■■••■ aaaaa aaaaa aaaaa •••••iaaaaaaaaa aaaai aaaia aaaai 

MMMliiaaiifi  ■■■■•••■■■  aaaaa  aaaaa  iaaaa  aaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaai 


•  ••■■•■■■•a •••■■•■■  •  iiaiaiMilao  ••■  •••■■■■■■•■•■■•••■•■ aaa a a aaaaa aaaa a aaaa a  aaaaaaaaaa . . •■■■■•■ai. •■■■■•■■ aa ■■■■■ ■■ 

aaaaa  aaai* • aaaaaaaaa  a^w. - ■■•«••••■•..•■• iaaaa aaaaa aaaf fifiaa aaaaaaaaaa aaaaaaaaaa ■■■■■•■■•■ aaaa; aaaaa aaaaaaaaaa ■•■■•aaaaa aaiaa aaaia aaaaa ai 
■aaaaaaaaa  aaaaa  aaai  ■■tun.  .a  aaaaaaaaaa  iaaaaaaaaa  •aaiiaiiii  •aaai  aaaaa  iaaaa  aaiaa  aaaaaaaaaa  iaa  aa  a  aaai  ■■■■■•aaai  aaa  a  a  aaiia  ••■aaaaaaaaaaaaai 

•  aaaa ajM a aaaaa aaai  > .aaaaa-  -  a aja aaaaaaa iaaaa ■■•■• aaaaiiaaaa aa.i;iaaai aaaaaaaa;1 - «■■■•■■•■ aaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaa aaiia aaaia ai 


laiaiiiia aaaaai 

.  Jiniimiiaiaiiii 

J aaaaaaaaaa aaaaa aaai 
I  •■•■■•••••  Miiiaaii 
■•aaaaaaaaa iaaaa aaii 
■•■•••••aia ■•laiiiK 

■  ••■■••■•••■aaaaaaai  .. 

■  ■•■aaaaaaa aaaaa ■■■..  .  n 
I  aaaaa iaaaa aaaaa aaaaa aa> 

■  ••••••aaaa  aaaaa aaaaa aai 


■aaaaaaaaat 
•  ai«aaa''aaa 


iaaaa aaaiaiaaai •••> 

- 1  a ■••• aaaa iaaaaa 

- laaaaaaaa  aaaaaaaaaa  aaaaa  aaai 

iaaaaaaaaa  laaaiiiaaa ■■•••■•■■• iir 


aaaai  mi . .  1  .  •■•■•■■■••  aaaai  •■■•■••■■■■■■■•...■■  ima  ••• 

''••a  iaaaa  iaaaa  aaaaiaaaaa  ■;<  laamiaa ••■■•■••••■•••■■••■•••■■■■  ... 

■  ‘  aaa  •■•••■■■■■ laaai aaaaa aik-- aiaia aaaaaaaaai aaaaaaaaaa •■■••■•■•••■■■••■■ 


•  ■■■■■■■■aai  aiiniaiaiiaiaaiiaaiiaiaa 
- -  - ■■■•••■••••■••■■■■••••• 

iaaaa 


a  ip -••■■••« aaaia 


■aaa  aaaaaaaaaa aaaaa aaaaa aaaa a aaaaa ■ 
•aaa  aaaaa  aaaaa iaaaiaaaai aaaai aaaia  aaaaiaaaaa  I 
.  . . ■•■••■■  aaiaa  aaaaa  aaaai  aaiai  I 

H|M|aM|||iiMMMMM|MiiaM]ii]MaiiMa  ■ 


•  •••■■a  aaaa  ■•■■•••■■••■ . aa aaaaaaaaai aaaaaaaaai aaiaaaaaaa ••■■•aaaia aaaaaaaaaa ■■■■••■•■■ at  >ai 

.••■■a  a.,  aai  ••••••■■••  •••  ••■■••■  iaaiiaaaaa  iaaaa  aaiai  iimiiiti  aaaai  aaaai  aim  iaaaa  aaaia  a  aaai  iaaaaaaaaa 


iaaa iaaaaaaaaa ■■■ 

aaaaa aiaaa aiaaa ■!•»■ I 

a  ••••• ■■ a ••■•••« HIM •■■■ 1 aaaaa aaa aaaaa aiaia •••■■••••• iaa ■• aaaai ■•••• aaan 1 aaaaa aai.  -  •■■■ aaaaaaaaaa aaaaaaaaaa aaaii iaaaa aaaaaaaaaa  ■ 
^■INXi  >•■•■••■■•  aaaaaaaaia  aaaaaaaaaa  ■■■■■•■■■•■•■■••■■•■  aaaaaaaaa  aaaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  ■•••..•■■■■■•■■•■■•■■■■■■■■•■■  ■••■■•#■•■••■•■■■••■■ 
■■•mil  laaaaaiiaiaaaaiaaaaiiaiiaaaaaaaiaiiaaaaa  aaaaaaaaaa  aaaaaaaaaa  •■■■••■••■  ■•■•••••■■  aaaaa  aaaaa  aaaaiaaaaa  laaaaaaaai  laaaa  iaaaa  aaaaaiaaaa  aiaia  iaaaa  I 
•  •••••a  ■••■■■•••a  aaaa  1  iaaaa  aaaaaaaaai  aaaai  aaaai  aaaaaaaaaa  •■■■••■■••■•■■■•■••■  aaaaaaaaaa  aiaaa  aaaaa  aaaaa  aaaaa  i|aaM|ai||aa|Ma|Maa|M|||||a|a||a||aai 
a  iaaaaaaaaa  •■••■■•■•■•■•■«■■■■■■■■■•■•■■••■•■•■•■••••■■■■•>•■  . . . . 


•  aai  aaaai  i> 


imai  a  a  aaaai  •  ■  ■■•■•■•■  laaaaaaaai  aaaaaaaaaa  liaaaaaaai  aaaaa  BaM 


iaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa  aaaaaaaaaa aaaaa aaaaa aaaaaaaaaa a a aaa aaaia aaaaaaaaaa aiaaa ■ aai ■ 
'•••■•aaaaaaaaai aaaaaaaaaa aaaaa aaaai aaaaa aaaaa •■■■■ iaaaa laiaiiaaia aaaaaaaaai »•••••»•»••■•»•■•»■■ 
'••MilMaiMUiiaaiiiaaM  aaaaaaaaaa  aaaaaaaaaa  aiaaa  aaaaa  aaaaiaaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaiaa  aaaBa 


aaaaaaaaaa  aaaaa  aaaaa 


— Hiltlal^H 
aaaaa aaaia aaaaa 

1:::: 


J  iaaaa  aaaaa . . 

■ aaaaaaaaaa aaaaa aaaaa 


aaaai 

aaiai 


Iaaaaa aaaaaaai 
aaaaaa iaaaa  ID 


•  aaaai  . . . 

.  . . . . . 

^^^^^^uiniianaa  aaaaaiaaaa  ■■•••aaaai  aaaaa  iaaak 


a  a  .a  sal 

mOTMMuiaim 

•aaaaaaaaa aaaaaaaafii 
•■•■••aaai aaaaaaaaaa 


•aa; a  aaaaa  aaaaa I 
aaaia  aaaaa a aaaa  ■ 


■a  aaaaa  aaaaa  ■ 


. . . aaaaa aaaaa aaaaa aaaaa aaaaaaaaaa aaaaa aaaaa aaaaaaaaaa  aaaaaaaaaa 

iaaaaaaaaa ■■■■■■■•■■•■■■••■■•■ •■••••■■■■ aaaaiaaaaa aaaaaaaaaa iiaia aaaaa aaaaaaaaaa 
•■••■ •■■•• aaaaiaaaaa aaaaa  aaiaa  aaaaaaaaaa  aaaaaaaaaa  aaaia  aaaBa  aaiai iaaaa  aaaaa  aaaaa 
aaaaaaaaaa aaaaaaaaai aaaaaaaaaa aaaaa aaaaa aaaaa aaaaa aaiaaaapii aaaaa aaiaa aaiaa aaaaa 
U|||||MIIMM||I||M|||||MI  ■■■•  ■  aaa.  a  aaaaaaaaaa  aaaai  aaaaa  aaaafaaMfaaaMMaaa^ 


•aaiaa aaiaaaaaaa ■ 

>a  aaaaa  aaaaaaaaa.  ■ 


■  ••aaaaaaa. aaaaaaaaaaaai  hi 
I aaaaaaaaaa a. aia aaaaa aaa... , 

■  ••aaaa. aaiaa. aaaaaaaaai  *•  ti 
■MaMiMiiMiuiaaiiiii  aa 

■ iaaaa ■■••. .... ■ . ■ #1 

■■•■••■••a. 


»  -  -•  aaaa  namiMMuaanaanaHnaaiiniMiwm  nimimmuHMi  aaaaaaa..  a  aaaaa  aaaaa  aaaa.  ..aaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  .aaaaai 

■  iaaaiaaaat.aaaa ••■•■■■■■■ aaaaaaaaaa  aaaia aaaaa  aaaaaaaaaa aaaaaaaaaa iaaaa aaaaa aaaaa aaaai aaaaaaaaaa aaaaa aiiaa iaaaa aaaaa aaaaaaaa;i aaaai aaaia ii 
a  i-iai  .  .aaaaaaa  !•••••••••--•-*■  •ariTaiiJaaaar  -  r  - -t-Taaraa  •■<•'» 'aa-i  -r  ~r  tuai'-t-tM-m  •MiinniMli'tunaar'^iM  'r  ••--»  aaaaa  iaaaa  ■■all  ai 

1  '■■■■■•■  ;•••■*•■••  ■  1  m  f  I  aaai  }r  •  "  •■■■<•'••  •  >•  ■<  •  .  a  "  •■•■■  n  ■  ’  n  -  1  -a  taaar  -  iaa.  ••  •  iaai  iiiai  a  >  ai  *  .  -a.  -aaaa aaa iiMSCSi 

■  utMiiiMiili  •••••■••••  ii  *•<•_*  «iai  *«  ill  till  *11  na  i«i»aaaan»k  a  .1  ••  •••aw.aaia  r  »  iaaa  im*1  a  «  .  *>  »  1  aBSa  aaaaa  aMM  *1 


Iium  ■•■■■  ihi  t  maf  1  a  aaaaaaaaaa  iaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa  ■■■■•  aaaaa  aaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaai  aaaaaaa— a  aaaaa  aaaaa  X 

iiiiuifitrimaiKHHPfissssimHnHimi 


liaSMlaKiKC 

liaaassH! 


it-. -a a  aaaaaaaaai 


:s:. :: 


isssjmnnRss 

I  aaaaa aiaaa ■••••■•••• at 

I  n«Sl!aM<!aaaiMa«iJ 
liSjaSaSaSaSaSaSyaSB 


ai  "Taa aaaaa  taaaaaaaaiaai 
-  ■  iaaaa  aaaaa  lafaaiaiMiii 
aaaaaa*  aaaaaaa laBaataBaa aai 

r.zzmmm 


aJ  :i:::  uzzimu  rir  :»n :::::  a::: ::::::::::  ::u: ;;; 

■  '•fiiiiiar  a« “  laaaa aaa aaaaaaa aaaaa aaaaa aaa aaaaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa ••••••aai 


i3«  uskkus  ns::  a:n  :j 

,iaa  aaiaa  aaaaa  iaaaa  aigaa 

_ IHUa  *5a**  *"51*  j}****”*1  •••••  ajm _ 


•aaa»aaaa«  aaaaaaaaaa  aaaaa  aaaaa aaaaaaaaaa iaaaaaaaaa aaaaaaa aaaaaaaaaa Naaa aaaaa  aaaaa aaaaa aaaaa aaaaa aaa aaaaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa  aaaaai 
•••••••aia  aaaaaaaaaa  imm  ••■••  iiaaaiaiifl  aaaaa  n  aia  aiaaa  aaaaa  aaa««  aaaaa  i  •■;■•««■■  aaaaaaaaaaaaaaa  aaaaa  ••■■■■••■•  aaaaaaaaaa  aaaaa  •■••■  ■•■•••••■•  aaaaai 

.'rvjnTiv’r:  TTi  i  iSrlsr-wiSt'1 

— -----  aaaaa  ■•■•■  aaaaa r  -  -  — - -  -  - - 

lall-iiiF 


p!!3 

I »•••« •■••• aaaa* aaai 

I  snu  :ks:  Ssss 

I  aaaaaaaaaa  aaaaaaaaa.  a.  . .  a< 
■  aaaaa  ••••*  aaaaa  aiii- 
U|Ma  aaaaa  Naaa  aaa*.  «> 


iaaaa* 

MMM  • 


n  11  *  ••••  ■  ■•••••mm  laaaai 
-  a  --.a  iiijiimii  MM 

-i  - -  - linaai - 


iKssst: 


KSSSS1SSSSS  -  Z3  — 


HSSS3B5E^.a  ’  a«B»nini 


I  miiiiiM  iMiiaifl  1  .  11  •■ 

1:sn:r»::u!ar  . 

IliHiHiHRiSLr" 

■  ■#••■•■•••  aaaaaaaaaa  ai 

I  ***** S*i9*9i*]*  *• 


I iiHi liili nisi illii iHiiidii h-h hhi iHEliiHi !ns!t :  s  u: h  i  •:li—  : ;  ^  -a «:! 


IHSpiSI 


;:rr| 


*1  I'aMaraHWHHanHH 

gHiiiiflgiBBBBBBBBBBlBBBBBBBBBBBBBBBBl 


*n:“:  .......  -  «iffiis„»SK:j»Bir.::JtB.Miniiss^lSi 

RHIlHlt::L^^OnillgllliiyilljjiyilllllliU«ai{iug!H  ilHliglillinillijlOllUillilHnniiHlllIjiyillliyyllllllPil^^l 


PMHl ' ' 


llfeal'llSil 

■ft^siHanl 

lliinllliiSB5B535S5 

HiliifeaMHil 


■■pBlM  WtUtBSUKK/KM 

iisiljilliljliiriiiil  MMRiiyiiieyilHIiillie  liHIOiHHilMffiiliPJilifflBB 

■  ■■  ijiiHHjiiniiiijiiji  i 


- ....  j^j,,  |  ,;  :Vti ;Ktrj.i,izz: Hv.  ir.j  wn^  stsssiK^r  is^ri.  si:..r - 

imwii.itiubii.i.^.  4-.k.i*§». •kik.iMkMMikMkk. i.inho. Kkiiikj.iutiiKa. 


■; . :::s  s. .-mi..  it  :r. : ts ir.x :i  i  jn;  ns:  i :i:.r  «s::M  si:.  ;r ca ;u.'!.s^x;a: 

1  »■#■■■§*■■  *»■■■■■■«»«■■■«  »4>k4  <■■■.  »k4»«  »4k».«. 4k.  <4kkj  4.. k.  l..k.  4k4k.  44kk«  4»»«k  »4k>.  ■-■■■»k4».  *4k««  »k4kl  »4k««  «k4».  t..kTi 


iiiii3Hiiaaaii™^M^^i^^aiaaiai 

■■■■  ■■■■■  ■  '  ■  ■■a!u:%..^;..,a8:»siis;s;^KK,B»assiffi£..L3ii!»MHiBH 


lnanait»^.ui»8«)a2.u.Ky 
IHg  SIm  tSfilUJS  «ISI  «*li  Iss  SlilHl  :*:!!  illli  | 

immisiiKHiiiiiiiiiiiiiiiihiiffiianaiqiKiKflisii.'SiiusiiKaiKr.Kiiiu'iRisaiiiKiiRiSjGiiisaaiaatn 


I asaasKun::::  :sr:vH!:un!!:::ia:3Ka!!3ii3!a::Snaai!aaOHiuia:::a iu:M&:.::::t»8K:aSiS.-BthiOS5!iHSHa:i! 


:a:r 


"-■•■■■•■■Ha  ■■••■••■■•  ■■•■■■■hi  ■■•■•■■•■■  ■»■■■•■•■  ■•■••MMa  ■■■•■■■■■■■■  mr  IF-- ■■■■■  .  . .  - -H 

■  ••  ■  •••■  .  _  ji  a*  a  .«  HaaaaMia  ■•■•■■■•■a  rnmmmmmamrnm  an  ■  ■  ■  ■  a  ■■■■■■.  .•■•«■■-••»«.  ....  .........  ,^l 

|:aa»:rvv  : -i:a::::::n::::::::::::::ii:!:i:ai!:ua!ii'  .....  .  . . ::a:::;i::a:u(s  :J 

;:a . . urn graji 


■a«4M«»»a  »»■■•■■■■•  »•■■••••»•  •••»«■*  •■•  .< 

IHiiliiiiiiHjHiliHljiniiiiliiiniiiL 


>■■■'• 

»•■■■(«  iMmaaH ••••< aiaii ••••■ 

WMBMaa  iMiaHMaabinattiitMliSHi 

WHI  tHWiHi* 

aauaama  ■••Miaaaa  aHiiiani 


|i~:“ 


JCSi  Jip  iiiHiiimllanSill 

in-HIi-i -Hi:  ail:  ":ti:  ffifl 


liHi 

ins:;  lil 


BIMiMBB 

-  a***  ap«ni«  Ha  mamna aaaia ima llllll 


mmm 

Sjia.awin 


^^■■MHIIIOTMaMiii  aaaaa iaaaa  aiMVIV 

aiaigiH 


:::s  «is:  :m:  ssfiiu::: is::: ::::: ::::::::::  :t::: ::::: :::::  k:h :::::  smi  busksk  man 

piiiiittiiliiiiiiiiiiifl 


IrdijSSsi*^  jjii;  Ussi  iisii 

IsKiraSMLiSffiia  .  f • ::::::: -  '-ai 


rannrasssisigas 


i  iaaaa  aaaaa  inii  aaaaa  mbs*  aa§aai 

lias'  :::::  mr  n.:h  m::i 


m:u\ 


irk:  I 

imi 
IBS  I 


ekss&I 


z3 


■v  -  ■ 

- '  ■  -* 


syy. 


|  f  «««>««««  »»■■■»«»«■  »«»»«  »»»»■  ■■■—■#■< 

I  ■•••MaMiiaumati  aaaaa aaaa a 

I  ::i::  ::::i  ::kj  ui:i  ibtn::  niuHui  liu: 


■....aaaa.. aaaaaaaaaa  . . aaaaa aaa«a *aa-a  SaS> SiaS;»S>M'«»SiES5XSSXsn*»xX  1 

:si  a-.,  wsr;:.,  »«s wa?  va  .  > -ins  s..-: 

I  *  "  *  •  *a*M  iMfli  aa  atMiiaaai  laaiaiaflM  a.  l  a  j  a*a  j  l  a  *  <av  j  .  a  j  _  _4. _  J  — .  _  a  ■  ■  a  a  ~  .a  ^.».ajua.i  k  a  a  ■  ■  ■  - .  *  »i  a  a  ■  ,  ■*  a>  ■■■  ,»  a|*|  .■  <a  i  a  .  J  ] 

■  laaaMMaMaaaialaaiiaaaaaaaiMaaaaaaMMaaaaiaaaiiiaaaiHii  >iMt  Mtaaa  aMaa  im  aa  a  ■■•■  Man  laaainaaii  aaaa  aiu!  iaaaaiaui  MiaalMaa  aiUlaCaa  mmS&mB 

■  ••»•••••••  aaaaaaian  laaaa  laaaMtaiiiaaaaaaaaaiiau  IMM rawi  laaataaaiiiaaaiHaai  aaaaaaaaaa  aaaaaaaaaa  mu . >aa . aaaa!  iiaMMaSaaSISiMai  aatMiSS 

■  aaaaaaaaaa  aaaa  a  a  aaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaa  a aaaa  aaaa aaaaaaaaaa  a  aaaa  a  aaaa  aaaaaaaaaa  _ Z  _  " _ -  _  -aw  aa  aa  a  w—  a  I  I  I _ aa^a 


.  . . I  aaaaaaaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaa  aaaai  Uiaitaail  Halaaam 

■  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  — tt«  rrtt*  imiiiiai  iiaaa  aaaaa  iaaaiiaiii  liiiiiMia  aaaMaSaa  S  Tr 
I  hiimm*  aaaaaaaaaa  •aaaaa  aaaa  aa a a a aaaaa iaaaa aaaaa  aaaaa  aaaaa  •iaaaaasia  aaaaaaaaaa  aaaaa  aaaaa  aaaaa  aaaaa  iSatiiaiai  aaaaaaaaaa  a  aaaa  aaaC  aaaaa  aaaaa  aSaaiiSB  iKilliaP 

I a:::ay:  :n  s:  •r*r::“‘:St5!::yiss:::::,:-:v"vr 

I  'IIIIm"*  ; . .  ••••*  m,K  «  i  a  -a*  I  .It— Ea  , aaaaa  a.  ••  a  -a.  ..  1  V  i».  »i  «  .  !«il  «S  »  1  *  t  $i  S  it '  .  I 


I nr::::.. 

■  •  ».  •  'aa  aaaaa  aaaja  *aa*aajaaaa' 

■  aaaaaaiaii  aaaaaiaaaa  aaaaaaaaaa  iiiiiaiiii  iiii*»aa*a  ttaj 
I aaaaa aaaa j  aaaaa  aajia »aaaa>«aaa >*••< aa jaa ||iaaijt|( aa|| 

pmimilWir^niiTMn'^iiiiBiiiiiifirimiiiiiiiiiiinniniiiinnninniMiiBiirniiiiMiinii'n 


liliigiiiiifiSHiiiijisiiHiijiiiiilgiiiiiiiiiiiBiiBPHii 


aaaaa  aiaaaa< 


•;»Hiij||||||i|Ki-li  iliiiiimiiSfiSi  isiiiaiii  MiiH 


iiifc 


I  j^SSa^SdsSn!nK!Hn5H!!i!U:SUsH:s!s!i>HW;'5«xIi!5!4=«!ii*;;'!;>Wi;‘i;s;:^!  :!;nr!si:!r:::^::i“;=isi!si«w:?IPi  Ian  IhS  IS  IliSnSH;] 


irjum; 


stn::::3»::s::t:in 


4  •  ■■■•  41  Ml  *4'  •••■  •  i  f»B  »  '  >• 

■  v  4f  •  ■■■«■  k-  *a»  <■■■  «i  •>.  i  mm  mi.  «ai  .a  ii 


SKUsissti:: 

iilfsdlH::! 


IlHalUfliatlHHI.  .1  4.  ,»  . I  .111  *  4MIIMMI  •  »a  .  ■  ra  iIHUMMMIIi  >HI.  .•■••miMK  t  .  4tt.  I.IIIIUI  4  ■  '  .  >:  alii  -1  .•■•••1*1  '  !  '  ,  41  IIHIM  ■■■••ll 

I  liaaiaaiba  iaailrir-  -  r-inr'  i  bra-aa'-»-i  ■•in  ■■■■■*  -irr -m  iiaamia' r -a - - -a  aaaa**abair-*-4  - aHupv*i‘l*'i-*'*'*”*''*>  |*M(l 

:::  vsssasaasssrasia.  ti&uisuiiiHUNjijiii sususiHsr.* :  :i :  n  .i.\xnzr<i\  :  <  ^ii.izunuiisnssisuiuu: 

liliHUNiMriiiiii a.  aaaai  aaiai  iaifii  i.  iil.Aai  i—iliiill  iilwi.iili  a  afiUliiiiUik  )  4i.i.  4in.i  .iiiiiiii.Lija  iiiaiitiniiiiiiiit  j  jwi^I  -.attaiialif  ailat  iSliliiaiii 

luMiMiiMiiiliM'  I'4'4*-»I  »1--| Haai itNiMvai'aMiilu  laaaataaa*  »-«aaB—aBei  ■■•■•■••••  •  r<m  •••*•■•■■■  •  aaar  aria- aaaaa  aaaaa MlHKUia a»a*M 

■  aiMaaauaaaiaaaati  •  iaaaaa.i..  41a  aau  ,a  an...  tai  aiinx  1  >  iiiuaiMMinM  ■  aai  ••aaai  aaaaaaaaai  k*  .  laauiaaiMuaiaa  a.  a  laiMaaMaUiMi  N -a  •  '  n> 


SRKSM 

I 


!!:::: 
a aaaaa 
•(••aa 


m 


Wlrara  taaraaiiia  laaaaaaaai  aflaaiauaa  ihumiii  Mauaana  mim mmi  mim aaB**  -  MMI aliiliiail amiallti lana aiiH  aaaaaaaaaa  lUMMNa MMiiiiia Inii Imi MlH  aaM  baa  aaaaaa 


huh 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 


is:::: 

kiiaaa 

lagaaaaJ 


IilWi; 


k:: 


|3~-aaa iiiSS fiirtM 
^^a  ■■■■■  aaaaa  aaaaa a  ■ 


itgSHH 


m\ 


UlijKRISKSU 

««9i ibvaaaaaaai aaaaa 


mmma 

ssussnssRsnn 

M 

l«a;p 

Ein:H:!tEnO 

zvrzih 

!M»^R<!;:nn3tirtj}! 

1  ■  •  f  i?j  -  «  <••#<  a*.  -  ••• 

1  •  *  >ai!laaM  1  »  |4| 

mm 

a 

in 

m\%n 

isiBsH 

\WM$M 

m 

EHlI 


m 


>:n:» 

jlilNIlillla.  '4MW 

:s8uu::imu.:ai 


6 


FIGURE  23 

LONGITUDINAL  PULSE  INPUT 
AH- IS  MODERNIZED  COBRA  CMC)  USA  S/N  69-16423 
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FIGURE  27 

DIRECTIONAL  PEDAL  PULSE  INPUT 
AH- IS  MODERNIZED  COBRA  (MO  USA  S/N  69-16423 


FIGURE  28 

DIRECTIONAL  PEDAL  PULSE  INPUT 
AH- IS  MODERNIZED  COBRA  CMC>  USA  S/N  69-16423 


FIGURE  29 

SIMULATED  ENGINE  FAILURE 
AH- IS  MODERNIZED  COBRA  CMC)  USA  S/N  69-16423 
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FIGURE  30 

SIMULATED  ENGINE  FAILURE 
AH- IS  MODERNIZED  COBRA  CMC)  USA  S/N  69-16423 
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Photo  1.  External  Fuel  Tank  Jettison  Sequence 
106  KCAS  Autorotation 


Photo  5.  External  Fuel  Tank  Jettison  Sequence 
106  KCAS  Autorotation 
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